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Attachment A 


2020 Ozone Exceptional Events Analysis for the District of 
Columbia 
 


Introduction 


Tropospheric ozone (O3) is a major component of photochemical smog. This reactive molecule is 


known to have harmful effects on human health, vegetation, visibility, and climate (Sousa et al 


2008, WHO, EEA). Because it is so unstable and highly reactive, O3 can readily deposit itself on 


biological tissues and contributes to premature deaths and other negative health outcomes such 


as asthma exacerbation. O3 is a secondary gas, which is created by the photochemical reaction 


between precursor pollutants, volatile organic compounds (VOCs), and nitrogen oxides (NOx) in 


the presence of sunlight. Equations 1-4 explain the formation and depletion of ground-level O3. 


2𝑁𝑁𝑁𝑁 +  𝑁𝑁2 → 2𝑁𝑁𝑁𝑁2 (1) 


𝑁𝑁𝑁𝑁2 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑡𝑡 → 𝑁𝑁𝑁𝑁 + 𝑁𝑁  (2) 


𝑁𝑁 +  𝑁𝑁2  →  𝑁𝑁3 (3) 


𝑁𝑁3 + 𝑁𝑁𝑁𝑁 → 𝑁𝑁𝑁𝑁2 +  𝑁𝑁2 (4) 


Firstly, nitric oxide (NO) reacts with oxygen (O2) to produce nitrogen dioxide (NO2). In the 


presence of sunlight, NO2 breaks apart to form NO and a free oxygen atom. The free oxygen 


atom collides with molecules of oxygen to form O3. O3 is later destroyed by NO to form NO2 


and O2. 


Generally, highest levels of O3 occur during the hottest part of the year. In the District, the 


highest O3 levels are generally seen from May 1st to September 30th. During the day, O3 







typically peaks in the mid to late afternoon when the presence of consistent sunlight helps fuel 


the reaction. 


An increase in the vehicular traffic and industry has caused a rise in this criteria pollutant in 


urban areas. Levels of O3 are also known to be influenced by meteorological variables such as 


temperature, solar radiation, wind speed (upper atmosphere and boundary layer), and relative 


humidity.1 Several studies have shown the strong relationship between temperature and surface 


O3.2–4 Camalier et al. 2007 found that temperature was a major driver behind O3 levels in the 


northeast,5 while relative humidity strongly influenced O3 levels in the southeastern region of the 


United States.6  Stratospheric O3 exchange,7 along with regional O3 transport affect the locally 


observed levels of O3 at the surface. The primary sinks of ground level O3 include titration 


through reactions with nitric oxide (NO) and dry deposition.8 


The Clean Air Act requires the Environmental Protection Agency (EPA) to set National Ambient 


Air Quality Standards (NAAQS) for the six criteria pollutants. In 2015, the EPA strengthened the 


8-hour NAAQS for O3 to 70 ppb and in 2018, the District and the surrounding metropolitan area 


were designated as marginal nonattainment for the 2015 O3 NAAQS. O3 in the District is 


primarily driven from regions upwind of the city. According to modeling performed, and 


extensive research, nearly 90% of ozone pollution in the DC-MD-VA region is transported from 


other states.9,10 However, the 2020 COVID health emergency led to lower O3 levels in the 


District due to traffic disruption. Similar phenomena were seen across the country as 


demonstrated in Chen et al. 2020.11 During the first half of 2020, global emissions of CO2 


decreased by 8.8% and the European Union reported upwards of 60% reduction for NOx .12–14  


Goldberg et al. 2020 reported a median drop of 21.6% of NO2 in 20 North American cities 


during the spring of 2020.15 The reductions led to better air quality, but the changes in emissions 







are not permanent, nor enforceable. A report from the mobility data firm INRIX stated the DC 


region had the largest drop in traffic congestion (77%) in 2020 out of other major cities from 


around the world.16 The Department of Energy and Environment (DOEE) is petitioning for the 


2020 health emergency to be considered an exceptional event. Although exceptional events 


usually involve exceedances, the 2020 health emergency should also be considered one because 


it was uncontrollable, caused a decrease in traffic that is not likely to reoccur, and it was directly 


related to the spread of Covid-19, which evidence points towards being a natural (zoonotic 


transfer) event, and treating the data as policy relevant can have long term impacts on the air 


quality of residents of the District of Columbia. 


The objective of this study is to build an ozone forecasting tool using meteorological variables 


from 2013-2017 using quantile regression (QR) and ordinary least squares (OLS) regression. 


This forecasting tool will then be used to predict ozone for years 2018 and 2019 to demonstrate 


that the tool produces reasonable results during a typical ozone season and will also be used to 


predict ozone for 2020, to demonstrate that the 2020 ozone season was atypical despite 


meteorological factors.  


QR is a useful mathematical tool that models the relationship between covariates and quantile 


functions.17 This regression is particularly important for environmental studies when explaining 


outliers and looking at an entire distribution. On the other hand, OLS is a simple model that is 


used to estimate a relationship between two variables using linear regression. This work will 


compare the O3 forecasting results from QR and OLS using meteorological data measured at the 


McMillan monitoring site in the District. 


 







Methods 


The District maintains a network of monitoring stations that measure outdoor air quality. 


Meteorological variables and concentrations of ozone in this study were recorded at the 


McMillan Reservoir site (ID:11-001-0043, 38.9218oN, -77.0132oE). The data is integrated into 


the Air Quality Monitoring Network of the DOEE. Use of monitored data from the Takoma 


Recreation Center (ID:11-001-0050) and River Terrace (ID:11-001-0041) sites were also 


considered, but data sets were not complete for the time period examined so they were not used.  


The meteorological variables and O3 concentrations were continuously monitored and hourly 


averages were recorded. O3 concentrations were measured using UV-absorption photometry. 


Meteorological variables considered for this study include temperature, pressure, wind speed, 


wind speed at both 500 and 850 mb, wind direction, wind direction at both 500 and 850 mb, 


precipitation the day before, relative humidity, global horizontal irradiance and geopotential 


height. All instruments underwent a rigorous maintenance procedure with periodic calibrations.  


Table 1: Instrumentation used in this study. All instruments are located at the McMillan site in 


the District. 


Instrument Measurement 


Thermo 49i Ozone 


WXT536 Weather Sensor: Temperature, Humidity, 
Pressure, Rainfall, Wind 


WMT702 Wind Sensor 


HMP155 Humidity and Temperature Probe 


PTB110 Barometric Pressure 


 







Upper atmosphere variables were obtained from sounding data at Dulles airport in Sterling, 


VA.18 Geopotential height data was acquired from European Centre for Medium-Range Weather 


Forecasts (ECMRWF) reanalysis version 5 or ERA5.19 2013-2017 solar radiation data was 


retrieved from the National Renewable Energy Laboratory (NREL) while 2018-2020 data came 


from the District’s McMillan monitoring site. All meteorological data missing from the 


McMillan monitoring site was substituted with meteorological data from the District’s Near-


Road (ID:11-001-0051) site to provide for a more complete data set. The forecasting tool 


developed in this study uses O3 season meteorological data and temporal variables (day of the 


week, hour of the day, year) from years 2013-2017.  


The Models 


Ordinary Least Squares (OLS) 


OLS is a linear least squares method that models the relationship between one or multiple 


independent variables (x) and the conditional mean of the dependent variable (y) assuming a 


constant variance. The dependent variable in this study is the 1-hr ozone concentration. OLS is 


sensitive to outliers and assumes normality. The following equation explains this simple linear 


regression model: 


𝑦𝑦𝑖𝑖 =  𝛼𝛼 + 𝛽𝛽𝑥𝑥𝑖𝑖 + 𝜀𝜀𝑖𝑖 (5) 


Where α is the y-intercept, β is the population slope coefficient (by minimizing the error of 


prediction) and εi is the error term.  There are 55 regressors or independent variables xi included 


in this model. 


 







Quantile Regression (QR) 


Quantile Regression is an extension of least square regressions where one can study the 


relationship amongst variables at different distributions. These different distributions are 


quantiles (τ or percentiles). This statistical modeling tool was first developed by Koenker and 


Bassett (1978) and is considered a robust method of analysis to outliers in a dataset.20 It provides 


a more comprehensive overview of the independent variable’s effect on the dependent variable. 


The QR model equation for the τth quartile is as follows 


𝑄𝑄𝜏𝜏(𝑦𝑦𝑖𝑖) = 𝛽𝛽0(𝜏𝜏) + 𝛽𝛽1(𝜏𝜏)𝑥𝑥𝑖𝑖1 + ⋯+ 𝛽𝛽𝑝𝑝(𝜏𝜏)𝑥𝑥𝑖𝑖𝑝𝑝  (6) 


where p is the number of regressor variables, β0(τ) is a constant and βp(τ) are the coefficients at 


several quantiles. Further information on QR can be found in Baur et al. 2004.21 There are also 


55 regressors or independent variables xip included in this model.  


Performance Index Parameters 


The performance of the QR and OLS models was evaluated by calculating the following 


statistical parameters: normalized mean bias (NMB), normalized mean error (NME) and root 


mean square error (RMSE).  


NMB averages the difference (model-observations) over the sum of the observed values. It is 


defined as: 


𝑁𝑁𝑁𝑁𝑁𝑁 = ∑ (𝑃𝑃−𝑂𝑂)𝑛𝑛
1
∑ (𝑂𝑂)𝑛𝑛
1


 (7) 


where P is the predicted concentrations and O is the observed concentrations. Similar to NMB, 


NME looks at the absolute value of the difference over the sum of the observed values. NME is 


defined as:  







𝑁𝑁𝑁𝑁𝑁𝑁 = ∑ |𝑃𝑃−𝑂𝑂|𝑛𝑛
1
∑ (𝑂𝑂)𝑛𝑛
1


 (8) 


RMSE is a metric that tells the average distance between the modeled values to the observed 


values. RMSE is defined as: 


𝑅𝑅𝑁𝑁𝑅𝑅𝑁𝑁 = �[∑ �𝑧𝑧𝑓𝑓𝑖𝑖 − 𝑧𝑧0𝑖𝑖�
2


/𝑁𝑁]𝑁𝑁
𝑖𝑖=1  (9) 


Results and Discussion 


The study was performed to predict ozone levels for the District. Several predictor variables 


were used, and the data was divided into three datasets: (i) 2013-2017; (ii) 2018-2019; and (iii) 


2020.  


Ozone and Temperature 


The relationship between O3 and temperature in the District was evaluated using linear 


regression analysis. Previous studies have shown temperature being a good predictor of ground-


level O3. Higher temperatures speed up the rate of chemical kinetics and increase the emissions 


of biogenic VOCs. Figures 2a-c show the correlation between O3 and ambient temperature for 


the McMillan site during the O3 season. Data from years 2013-2017 were used to create the 


model. The model was used to predict O3 levels in 2018 and 2019 and compared to ambient data 


in those respective years. 2020 was the year of the exceptional event, and the model developed 


with 2013-2017 data was compared to ambient 2020 data using QR and OLS. 







 


Figure 2: Correlation of O3 and ambient temperature during years a) 2013-2017 b) 2018-2019 c) 


2020. 


For all years, O3 generally increased with temperature. The linear fit for years 2013-2017 (Figure 


2a) and 2018-2019 (Figure 2b) yielded very similar slopes. The statistical results are provided in 


Table 2. It was observed that there was some non-linearity at higher temperatures and QR is a 


useful tool that accounts for heterogeneity of extreme values.  


Ozone and Relative Humidity 


Relative humidity is another meteorological variable that influences tropospheric O3 variation. 


Simple regression analysis was used to assess the influence of relative humidity on ozone 


formation. Results from the McMillan monitor indicate an inverse relationship between the two 


variables. Previous studies have also shown this strong negative correlation.22–27 Figures 3a-c 


show this correlation for ozone season during the different groups of years. Table 2 provides the 


linear regression coefficients.  


c) 







 


Figure 3: Correlation of O3 and ambient relative humidity during years a) 2013-2017 b) 2018-


2019 c) 2020. The different grouped years have similar slopes. 


Some factors to explain this inverse relationship between ozone and relative humidity include the 


following: (1) humid days associated with increased cloud cover and thus less solar radiation for 


photochemical reactions, (2) humid days associated with precipitation and the reduction of 


precursor emissions, (3) stratospheric intrusions of dry, ozone rich air,27 and (4) affects chain 


termination reactions.22 


Ozone and Wind Speed 


Regression analysis was used to characterize the relationship between hourly O3 and hourly wind 


speed in the District. Dueñas et al. reported that wind speed is one of the most influential 


meteorological variables to impact ozone concentrations at their coastal site.22 Wind speed is 


known to be an important factor for pollution dispersion and for stratospheric ozone transport. 


Within the District, a weak positive correlation was observed for the several years of analysis. 


Figures 4a-c depicts this relationship. 


c) 







  


Figure 4: Correlation of O3 and ambient wind speed during years a) 2013-2017 b) 2018-2019 c) 


2020. The different grouped years have weak correlations with similar slopes. 


Generally, a rise in wind speed leads to a rise in the transport of air masses, and thus a dilution in 


primary pollutants. However, this is more complex for secondary pollutants such as ozone. 


Higher wind speeds induce lower NOx, and subsequently higher O3.28–30 Northern cities on the 


east coast are more influenced by transport and cities downwind major sources may encounter an 


increase in O3 at higher wind speeds.31 


Ozone and Global Horizontal Irradiance (GHI) 


GHI is a measurement of the total irradiance from the sun on a horizontal surface. In the District, 


O3 saw a positive correlation with solar radiation. An increase in solar irradiance leads to an 


increase in photochemical reactions that induce O3 formation. Figures 5a-c show the correlation 


between the two variables. 


c) 







 


Figure 5: Positive correlation of O3 and solar radiation during years a) 2013-2017 b) 2018-2019 


c) 2020. The different grouped years have similar slopes. 


Ozone and other Independent Variables 


The objective of this study was to assess the effects of several meteorological variables on 


ground level ozone concentrations through linear regression and quantile analysis. Table 2 


provides linear regression statistics for correlations between O3 and several independent 


variables. 


Table 2: Linear Regression statistics for several correlation studies. The dependent variable (y) is 


O3 and the independent variable (x) is a meteorological variable. 


Independent 


Variable (x) 


Linear 


Regression 


(2013-2017) 


Linear 


Regression 


(2018-2019) 


Linear 


Regression 


(2020) 


R2 (2013-


2017; 2018-


2019; 2020) 


Temperature 


(OC) 


y=1.64x-4.49 y=1.73x-4.54 y=1.7=13x+6.96 0.34; 0.38; 


0.25 


c) 







 


Although low in correlation, ozone is inversely related to pressure and the prior day’s 


precipitation. When looking at the upper atmosphere variables, ozone is inversely related to wind 


speed and positively correlated to the geopotential height. 


 


 


 


Relative 


Humidity (%) 


y=-0.578x+67.3 y=-0.591x+73.6 y=-0.492x+65.1 0.38; 0.45; 


0.43 


Pressure (mb) y=-0.398x+433 y=-0.430x+469 y=-0.551x+589 0.02; 0.02; 


0.05 


GHI (Wm-2) y=0.0279x+25.3 y=0.0301x+28.7 y=0.0244x+26.3 0.28; 0.32; 


0.24 


Precipitation 


(inches; day 


before) 


y=-1.83x+31.7 y=-2.34x+35.4 y=-2.34x+35.4 <0.01; <0.01; 


<0.01 


Wind Speed 


(boundary 


layer) 


y=1.12x+25 y=1.13x+27.9 y=1.10x+25.8 0.04; 0.04; 


0.05 


Wind Speed 


(500 mb) 


y=-0.0361x+32.6 y=-0.162x+39.6 y=-0.051x+33.4 <0.01; 0.03; 


<0.01 


Geopotential 


height (m) 


y=0.00251x-108 y=0.00209x-87.2 y=0.000049x+29 0.02; 0.01; 


<0.01 







Ozone and Wind Direction 


Wind direction at ground-level and in the upper atmosphere, play an important role in the 


determination of ozone levels in the District. Here, we look at the wind direction’s effect on the 


top 5% values of ozone during the years 2013-2017, 2018-2019 and 2020 (May 1-October 31) 


with violin plots (see Figure 6). Violin plots depict the distribution of numerical data using 


density curves. Surface-level winds out of the southwest contributed to the greatest median of 


ground-level ozone in 2020, while winds from the northeast and northwest at 500 mb and 850 


mb contributed the greatest median ground-level ozone, respectively. Larger distributions of 


ozone were observed from surface-level winds out the south, southwest, and southeast. For years 


2013-2019, surface-level winds from the south led to a higher median of ozone, and winds out of 


the southwest contributed to higher level ozone during the years 2018-2019. More information 


about the contribution of upper atmosphere wind direction is shown in Figure 6.  







 


Figure 6: Violin plots depicting the effect of ground-level and upper-atmosphere wind 


direction on the surface-level ozone for the three different datasets: (a) 2013-2017 ground-


level wind direction (b) 2013-2017 wind direction at 500 mb (c) 2013-17 wind direction at 


850 mb (d) 2018-2019 ground-level wind direction (e) 2018-2019 wind direction at 500 mb 


(f) 2018-2019 wind direction at 850 mb (g) 2020 ground-level wind direction (h) 2020 wind 


direction at 500 mb and (i) 2020 wind direction at 850 mb. 







Ozone’s relationship with Day of the Week and Time of Day 


Ground-level hourly ozone was monitored daily in the District. The ozone levels were compared 


for different days of the week and at various hours of the day. In 2020, the median ozone was 


greatest on Wednesday, with the largest distribution of data found on Tuesday, Wednesday and 


Thursday. Greatest ozone levels were observed during the mid-day hours (12 pm- 3pm local) as 


expected. Unlike 2020, the greatest median of ozone was observed during the weekend for years 


2018-2019. However, the time of day trend for 2018-2019 matches year 2020. As observed with 


2018-2019, the greatest ozone median occurred during the weekend for years 2013-2017. Peak 


ozone was also reached during the mid-day hours of 12 pm-3pm local time. 


QR and OLS Compared to Observed Values 


QR and OLS models were used to forecast ozone levels in the District. Figures 7a-h shows time 


series of predicted values (using QR and OLS) and the measured data for the ozone seasons of 


2013-2020. Additional graphs comparing the coefficients of OLS and QR at different percentiles 


for all 55 regressors are provided in Supplemental Information (Figure S1). Generally, the 


models capture the peaks, but not always the magnitude. Table 3 shows the performance indexes 


of the three datasets using both models. It was observed that the QR model had the lowest 


magnitude for NMB during years 2014-2017. All years exhibited positive NMB values using 


QR. On the other hand, the OLS model underpredicted for every year except for 2020. The 2019 


and 2020 NMB, NME and RMSE OLS value were lower in magnitude, when compared to QR 


during those two years. Thus, the OLS model predicted the District’s ozone levels during the 


exceptional event, and during the year with the highest number of 90oF days best (2019; 34 


days). The RMSE measures the quality of the fit of the model, where a value of zero indicates a 


perfect fit. The average RMSE value for the QR model (2013-2020) was 3.10 while the average 







RMSE value for OLS was 3.04. Overall, the OLS model was more efficient at forecasting ozone 


concentrations and proves to be beneficial for developing strategies to improve public health.  


 







Figure 7: Time series of the maximum daily 8-hour ozone during the ozone seasons of (a) 2013 


(b) 2014 (c) 2015 (d) 2016 (e) 2017 (f) 2018 (g) 2019 (h) 2020. Shown here are the measured 


(blue line) and the predicted values from the OLS (red line) and QR (green line) models.  


Table 3: Performance indexes of the models (OLS and QR) achieved for years 2013-2020 where 


max daily 8-hour ozone was 60 ppb. 


Year NMB NME RMSE 


OLS QR OLS QR OLS QR 


2013 -6.39 7.97 14.73 15.69 2.5 3.2195 


2014 -14.33 0.89 18.69 13.12 6.037 0.3741 


2015 -12.95 3.15 18.51 15.56 5.6147 1.3647 


2016 -7.65 7.51 16.33 15.29 3.3217 3.2617 


2017 -7.42 7.14 12.87 12.98 3.3601 3.2321 


2018 -4.95 7.46 14.95 14.70 2.1894 3.3022 


2019 -1.91 9.62 12.08 14.12 0.8359 4.2231 


2020 0.82 12.77 10.58 14.53 0.375 5.8229 


 


The performances of the models for the mean 8-hour daily ozone maximum and the 4th highest 


ozone maximum are shown in Figures 8a and 8b and numerical values are listed in Table S1 


(Supplemental Information). The QR and OLS models over-predicted the 8-hour daily ozone 


maximum for every year in this study, except for 2013, where OLS slightly underpredicted by 


less than 1%. 2020 had the lowest measured value and the greatest difference in magnitude 


between both model predictions and the measured value. The estimated values of OLS and QR 


overpredicted by ~12% and ~26% for 2020, respectively. On the other hand, the 4th highest 







ozone maximum OLS modelled values under-predicted for every year, ranging from ~2% to 


~18%. The 4th highest maximum for 2013-2019 was 65+ ppb, whereas 2020 was the only year 


where the observed value measured below 65 ppb. Years 2013-2019 had a major influence from 


human activity while 2020 had a lesser human impact due to the pandemic. The QR model 


underpredicted for every year, except 2020. However, it was able to closely estimate the 4th 


highest maximum during year 2019 where there were the greatest number of extreme 


temperatures (90oF +). The QR modelled result was ~8% higher than the observed value during 


the 2020 pandemic. On the other hand, the OLS underpredicted to a smaller degree for 2020 


(<2%). These changes in the OLS and QR modelled results for 2020 are likely attributed to the 


change in traffic patterns and anthropogenic emissions. 


 


Figure 8: Plots of the mean (a) 8-hour daily ozone maximum and the (b) 4th highest ozone 


maximum during the ozone season for years 2013-2020. 


Conclusions 


In this study, the analysis of the impact of meteorological variables and ozone precursors on 


ozone concentrations for several years was performed. This paper characterizes the effect of 







several parameters on ground-level ozone concentration in the District using OLS and QR 


models. The OLS model proved to be the most efficient model to predict ozone during the 


pandemic. Values of NMB, NME and RMSE were lower in magnitude for the OLS model 


during the pandemic year. 


The year 2020 experienced a noticeable drop in ozone due to the Covid-19 shutdown. This event 


should be considered an exceptional event because it was unavoidable, believed to have occurred 


naturally and caused a disruption in traffic that is not likely to reoccur. Here, QR and OLS model 


results showed 2020 ozone season data was an outlier in comparison to years 2013-2019. For the 


mean daily 8-hour max, both models overestimated the ozone concentration for the years 2013-


2019. However, the estimated value for both models were closer to the observed for 2020. On 


the other hand, the models’ predictions were overestimated for the 4th highest maximum of 8-hr 


ozone for the year 2020, and underpredicted for previous years. QR and OLS model results for 


2020 sharply deviated from model results of the previous years and this is likely attributed to the 


difference in human activity. Future work should account for the association of traffic 


characteristics with ground-level ozone concentrations. 
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Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Meth


228


228


228


228


228


228


228


228


150


102


102


102


102


102


102


150


102


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 6 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


3


4


2


3


4


2


3


4


4


4


4


4


4


4


4


4


4


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 93


 61


 62


 93


 61


 62


 93


 61


 61


 61


 61


 61


 61


 61


 61


 61


 61


9.7


18.0


4.4


2.0


8.2


1.5


2.5


1.0


2.0


.0


.9


1.2


.1


.1


.0


.3


.1


9.4


17.4


3.9


1.5


3.7


1.3


2.3


.5


1.2


.0


.8


1.1


.1


.1


.0


.3


.0


8.4


15.2


3.3


1.4


3.1


1.2


2.2


.5


1.1


.0


.7


.8


.1


.1


.0


.3


.0


8.1


14.5


2.4


1.3


2.9


1.2


2.1


.5


1.1


.0


.7


.5


.1


.1


.0


.3


.0


4.60*


7.73 


1.05 


.58*


1.27 


.41 


.65*


.15 


.32 


.00 


.58 


.23 


.04 


.10 


.00 


.24 


.00 


8 HOUR


24 HOUR


24 HOUR


8 HOUR


24 HOUR


24 HOUR


8 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


43551


43551


43552


43552


43552


43560


43560


43560


43702


43704


43801


43802


43803


43804


43806


43811


43814


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


Acetone


Acetone


Methyl ethyl ketone


Methyl ethyl ketone


Methyl ethyl ketone


Methyl isobutyl ketone


Methyl isobutyl ketone


Methyl isobutyl ketone


Acetonitrile


Acrylonitrile


Chloromethane


Dichloromethane


Chloroform


Carbon tetrachloride


Bromoform


Trichlorofluoromethane


Methyl chloroform


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Meth


102


150


102


102


150


102


102


150


150


150


150


150


150


150


150


150


150


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 7 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


4


4


4


4


4


4


4


4


4


4


4


4


1


1


1


1


4


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 61


 61


 61


 61


 61


 61


 61


 61


 61


 61


 61


 61


 1759


 1744


 6186


 1759


 61


.1


.1


.1


.0


.9


.1


.1


.0


.0


.1


.6


.0


2.2644


.7984


.068


7.2103


7.3


.1


.1


.1


.0


.9


.1


.1


.0


.0


.1


.5


.0


1.8516


.7628


.066


5.0154


5.8


.0


.1


.1


.0


.9


.1


.0


.0


.0


.0


.3


.0


1.4771


.6600


.065


4.4133


5.8


.0


.1


.1


.0


.9


.1


.0


.0


.0


.0


.3


.0


1.2186


.6067


.063


4.1586


4.2


.00 


.02 


.01 


.00 


.54 


.01 


.00 


.00 


.00 


.00 


.09 


.00 


.15443*


.08154*


.0376 


.76808*


1.13 


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


1 HOUR


1 HOUR


8-HR RUN 


AVG BEGIN 


HOUR


1 HOUR


24 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


5


5


5


5


0


43815


43817


43818


43820


43823


43824


43829


43830


43831


43843


43844


43860


43954


43960


44201


45109


45109


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


Ethylene dichloride


Tetrachloroethylene


1,1,2,2-Tetrachloroethane


1,1,2-Trichloroethane


Dichlorodifluoromethane


Trichloroethylene


1,2-Dichloropropane


trans-1,3-Dichloropropene


cis-1,3-Dichloropropene


Ethylene dibromide


Hexachlorobutadiene


Vinyl chloride


n-Undecane


2-Methylheptane


Ozone


m/p Xylene


m/p Xylene


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per million


Parts per billion 


Carbon


Parts per billion 


Carbon


Meth


150


150


150


150


150


150


150


150


150


150


150


150


228


228


047


228


150


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 8 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


1


4


1


4


1


4


1


4


1


4


1


4


1


1


1


1


1


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 1759


 61


 1759


 61


 1759


 61


 1759


 61


 1758


 61


 1759


 61


 1759


 1759


 1759


 1759


 1759


2.8265


2.7


8.9929


6.0


1.9623


1.3


1.8917


1.6


1.0039


.7


2.3125


3.1


.5239


.2008


.9846


1.5552


.8217


2.7795


2.5


8.7779


3.9


1.6143


1.0


1.7024


1.0


.7889


.6


1.8721


2.7


.3878


.1895


.8743


1.3643


.6615


2.6415


2.0


8.6816


3.8


1.3468


.7


1.5344


1.0


.7618


.6


1.6268


1.7


.3536


.1666


.7143


1.2724


.6474


2.6156


1.9


8.3855


3.4


1.2348


.6


1.4843


.8


.7500


.4


1.5345


1.7


.3438


.1518


.6816


1.2086


.5482


.72710*


.94 


1.65117*


1.39 


.23243*


.28 


.25377*


.31 


.06959*


.10 


.26330*


.49 


.02669*


.00119*


.06898*


.26962*


.08341*


1 HOUR


24 HOUR


1 HOUR


24 HOUR


1 HOUR


24 HOUR


1 HOUR


24 HOUR


1 HOUR


24 HOUR


1 HOUR


24 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


5


0


5


0


5


0


5


0


5


0


5


0


5


5


5


5


5


45201


45201


45202


45202


45203


45203


45204


45204


45207


45207


45208


45208


45209


45210


45211


45212


45213


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


Benzene


Benzene


Toluene


Toluene


Ethylbenzene


Ethylbenzene


o-Xylene


o-Xylene


1,3,5-Trimethylbenzene


1,3,5-Trimethylbenzene


1,2,4-Trimethylbenzene


1,2,4-Trimethylbenzene


n-Propylbenzene


Isopropylbenzene


o-Ethyltoluene


m-Ethyltoluene


p-Ethyltoluene


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Meth


228


150


228


150


228


150


228


150


228


150


228


150


228


228


228


228


228


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 9 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


4


1


1


1


4


1


2


3


4


4


4


2


2


2


1


1


1


2


1


5


5


5


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 61


 1759


 1759


 1759


 61


 1758


 62


 93


 61


 61


 61


 8580


 8580


 8485


 8488


 4090


 4246


 8734


 8738


 102


 101


 102


1.8


.7383


.6464


.5319


1.3


.8809


5.63


7.37


.2


1.0


1.7


23.7


360


97.2


100.0


1.49


33.62000


1036.3


2.13


31.2


774


1.0


1.7


.6075


.6073


.5268


1.0


.5806


3.70


7.07


.2


.8


1.4


23.1


360


97.0


100.0


1.48


33.56000


1036.0


1.40


30.5


774


1.0


1.4


.4899


.6001


.5257


.9


.5727


3.27


6.71


.1


.8


1.2


22.3


360


96.8


100.0


1.48


33.34000


1035.6


.83


29.5


773


1.0


.5


.4531


.5454


.4774


.8


.5441


1.94


5.87


.1


.5


.9


21.7


360


96.8


100.0


1.47


33.20000


1035.2


.77


29.3


773


1.0


.22 


.08244*


.03532*


.06800*


.13 


.07850*


.575 


1.062*


.03 


.15 


.22 


5.39 


198.6 


60.27 


63.76 


.505*


11.489124*


1012.05 


.006 


16.65*


760.8*


.86*


24 HOUR


1 HOUR


1 HOUR


1 HOUR


24 HOUR


1 HOUR


24 HOUR


8 HOUR


24 HOUR


24 HOUR


24 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


24 HOUR


24 HOUR


24 HOUR


0


5


5


5


0


5


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


45213


45218


45219


45220


45220


45225


45501


45501


45801


45807


46401


61103


61104


62101


62201


63301


63304


64101


65102


68105


68108


68111


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


p-Ethyltoluene


m-Diethylbenzene


p-Diethylbenzene


Styrene


Styrene


1,2,3-Trimethylbenzene


Benzaldehyde


Benzaldehyde


Chlorobenzene


1,4-Dichlorobenzene


Furan, tetrahydro-


Wind Speed - Resultant


Wind Direction - Resultant


Outdoor Temperature


Relative Humidity 


Solar radiation


Ultraviolet radiation (type B)


Barometric pressure


Rain/melt precipitation


Average Ambient Temperature


Average Ambient Pressure


Sample Flow Rate CV - Teflon 


Filter


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Parts per billion 


Carbon


Knots


Degrees Compass


Degrees Fahrenheit


Percent relative 


humidity


Langleys/minute


Watts/sq meter


Millibars


Inches (rainfall)


Degrees Centigrade


Millimeters (mercury)


Percent


Meth


150


228


228


228


150


228


102


102


150


150


150


129


129


059


059


011


011


014


013


810


810


810


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 10 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


5


5


5


5


5


5


5


4


4


1


1


1


1


1


1


1


1


4


1


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 102


 102


 102


 102


 102


 102


 102


 8201


 340


 62


 62


 62


 62


 62


 62


 62


 8646


 8175


 8568


1.0


.1


9.7


9.7


31.7


31.9


772


228


47


7.32


.01


.53


13.30


.0201


33.95


5.04


9.29


194.0


161.0


.9


.1


9.7


9.7


31.7


31.4


771


199


46


1.52


.01


.19


12.87


.0137


15.05


2.12


9.20


144.0


139.0


.9


.1


9.7


9.7


31.7


30.5


770


152


44


1.35


.01


.15


1.92


.0053


11.96


1.25


8.23


104.0


112.0


.9


.1


9.7


9.7


31.7


30.4


770


149


42


1.35


.01


.13


1.89


.0051


8.37


.95


7.63


93.0


85.0


.77*


.10*


9.70*


9.70*


31.70*


17.60*


758.3*


15.4 


14.9 


.768 


.003 


.067 


1.701 


.00218 


3.876 


.540 


.527 


6.22 


6.21 


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


1 HOUR


24-HR BLK 


AVG


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


1 HOUR


1 HOUR


1 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


68112


68113


68114


68115


68116


68117


68118


81102


81102


82103


82105


82110


82112


82128


82132


82136


84313


86101


88101


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


Sample Flow Rate CV - Nylon 


Filter


Sample Flow Rate CV - Quartz 


Filter


Sample Volume - Teflon Filter


Sample Volume - Nylon Filter


Sample Volume - Quartz Filter


Average Ambient Temperature for 


URG3000N


Average Ambient Pressure for 


URG3000N


PM10 Total 0-10um STP


PM10 Total 0-10um STP


Arsenic PM10 STP


Beryllium PM10 STP


Cadmium PM10 STP


Chromium PM10 STP


Lead PM10 STP


Manganese PM10 STP


Nickel PM10 STP


Black carbon PM2.5 STP


PM10-2.5 - Local Conditions


PM2.5 - Local Conditions


Percent


Percent


Cubic meter


Cubic meter


Cubic meter


Degrees Centigrade


Millimeters (mercury)


Micrograms/cubic meter


(25 C)


Micrograms/cubic meter


(25 C)


Nanograms/cubic meter 


(25 C)


Nanograms/cubic meter 


(25 C)


Nanograms/cubic meter 


(25 C)


Nanograms/cubic meter 


(25 C)


Micrograms/cubic meter


(25 C)


Nanograms/cubic meter 


(25 C)


Nanograms/cubic meter 


(25 C)


Micrograms/cubic meter


(25 C)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


812


838


810


812


838


838


838


122


122


110


110


110


110


110


110


110


894


185


209


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 11 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


1


2


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 358


 118


 102


 102


 102


 102


 102


 102


 102


 101


 101


 101


 102


 102


 102


 101


 102


30.2


29.2


.034


.000


.264


.070


.003


.023


.088


.015


.002


.026


.807


.078


.053


.192


.017


29.0


26.5


.024


.000


.109


.049


.003


.020


.072


.008


.002


.022


.131


.065


.050


.161


.014


26.9


17.3


.023


.000


.093


.042


.003


.020


.070


.007


.002


.020


.104


.058


.046


.150


.013


23.6


15.6


.020


.000


.088


.042


.001


.019


.057


.007


.002


.019


.039


.058


.039


.123


.012


6.17 


6.32 


.0018*


.0000*


.0186*


.0086*


.0002*


.0026*


.0247*


.0012*


-.0004*


.0029*


.0119*


.0051*


.0035*


.0477*


.0026*


24-HR BLK 


AVG


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


88101


88101


88102


88103


88104


88107


88109


88110


88111


88112


88113


88114


88115


88117


88118


88126


88128


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


PM2.5 - Local Conditions


PM2.5 - Local Conditions


Antimony PM2.5 LC


Arsenic PM2.5 LC


Aluminum PM2.5 LC


Barium PM2.5 LC


Bromine PM2.5 LC


Cadmium PM2.5 LC


Calcium PM2.5 LC


Chromium PM2.5 LC


Cobalt PM2.5 LC


Copper PM2.5 LC


Chlorine PM2.5 LC


Cerium PM2.5 LC


Cesium PM2.5 LC


Iron PM2.5 LC


Lead PM2.5 LC


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


209


145


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 12 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 102


 102


 101


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


.025


.009


.004


.116


.000


.005


.040


.020


.001


.583


.037


.017


.014


1.074


.007


.709


.921


.024


.006


.003


.103


.000


.004


.039


.011


.001


.201


.022


.017


.005


.859


.006


.122


.416


.020


.005


.003


.093


.000


.004


.033


.010


.001


.187


.016


.016


.004


.758


.005


.116


.259


.020


.005


.002


.067


.000


.003


.028


.009


.001


.168


.016


.015


.004


.627


.004


.093


.234


.0020*


.0009*


.0004*


.0137*


.0000*


.0003*


.0025*


.0029*


.0001*


.0444*


.0013*


.0067*


.0006*


.3090*


.0001*


.0447*


.0570*


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


88131


88132


88136


88140


88152


88154


88160


88161


88164


88165


88166


88167


88168


88169


88176


88180


88184


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


Indium PM2.5 LC


Manganese PM2.5 LC


Nickel PM2.5 LC


Magnesium PM2.5 LC


Phosphorus PM2.5 LC


Selenium PM2.5 LC


Tin PM2.5 LC


Titanium PM2.5 LC


Vanadium PM2.5 LC


Silicon PM2.5 LC


Silver PM2.5 LC


Zinc PM2.5 LC


Strontium PM2.5 LC


Sulfur PM2.5 LC


Rubidium PM2.5 LC


Potassium PM2.5 LC


Sodium PM2.5 LC


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 13 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


5


5


5


5


5


5


2


2


5


5


5


5


5


5


5


5


5


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 102


 102


 102


 102


 102


 102


 8644


 8638


 102


 102


 102


 102


 102


 102


 102


 102


 102


.023


1.16


1.15


.83


.72


3.45


9.30


12.63


4.551


1.546


.445


1.649


1.264


.787


.913


1.738


.278


.022


.42


1.06


.31


.08


3.23


9.20


12.60


3.693


1.318


.258


1.484


1.170


.621


.807


1.410


.274


.020


.39


1.01


.27


.08


3.20


8.20


11.52


3.221


1.224


.248


1.148


.990


.552


.716


1.358


.264


.020


.24


.97


.21


.07


3.20


7.60


9.92


2.972


1.223


.243


1.030


.973


.521


.700


1.350


.248


.0017*


.064*


.284*


.043*


.029*


.666*


.531 


.577 


1.6833*


.5124*


.0634*


.5425*


.5277*


.2237*


.3382*


.6842*


.1589*


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


1 HOUR


1 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


88185


88203


88301


88302


88303


88306


88313


88314


88320


88321


88324


88325


88326


88327


88328


88329


88330


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


Zirconium PM2.5 LC


Chloride PM2.5 LC


Ammonium Ion PM2.5 LC


Sodium Ion Pm2.5 LC


Potassium Ion PM2.5 LC


Total Nitrate PM2.5 LC


Black Carbon PM2.5 at 880 nm


UV Carbon PM2.5 at 370 nm


OC PM2.5 LC TOR


EC PM2.5 LC TOR


OC1 PM2.5 LC


OC2 PM2.5 LC


OC3 PM2.5 LC


OC4 PM2.5 LC


OP PM2.5 LC TOR


EC1 PM2.5 LC


EC2 PM2.5 LC


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


811


812


812


812


812


812


894


894


838


838


838


838


838


838


838


838


838


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS


Page 14 of 25


P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


5


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 102


 101


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


 102


.019


2.676


4.879


1.166


4.759


.463


1.699


1.342


.814


.930


1.033


1.546


1.166


4.671


1.745


.284


.019


.019


.990


3.966


1.013


3.861


.280


1.526


1.213


.642


.822


.912


1.318


1.013


3.798


1.413


.280


.018


.018


.929


3.645


.913


3.423


.268


1.198


1.052


.576


.733


.859


1.224


.913


3.442


1.359


.270


.017


.017


.898


3.493


.860


3.135


.266


1.080


1.038


.550


.715


.856


1.223


.860


3.352


1.352


.252


.017


.0082*


.3251*


2.0062*


.3637*


1.8577*


.0855*


.5855*


.5887*


.2445*


.3535*


.4869*


.5124*


.3637*


1.8319*


.6903*


.1670*


.0085*


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


24 HOUR


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


88331


88348


88355


88357


88370


88374


88375


88376


88377


88378


88379


88380


88381


88382


88383


88384


88385


Parameter


Site ID: 11-001-0043 WashingtonCity: District of Columbia


Unit


County: 2500 1ST STREET, N.W. WASHINGTON DCAddress:


EC3 PM2.5 LC


Soil PM2.5 LC


OC CSN_Rev Unadjusted PM2.5 LC 


TOT


EC CSN_Rev Unadjusted PM2.5 LC 


TOT


OC CSN_Rev Unadjusted PM2.5 LC 


TOR


OC1 CSN_Rev Unadjusted PM2.5 LC


OC2 CSN_Rev Unadjusted PM2.5 LC


OC3 CSN_Rev Unadjusted PM2.5 LC


OC4 CSN_Rev Unadjusted PM2.5 LC


OP CSN_Rev Unadjusted PM2.5 LC 


TOR


OP PM2.5 LC TOT


EC CSN_Rev Unadjusted PM2.5 LC 


TOR


EC PM2.5 LC TOT


OC PM2.5 LC TOT


EC1 CSN_Rev Unadjusted PM2.5 LC


EC2 CSN_Rev Unadjusted PM2.5 LC


EC3 CSN_Rev Unadjusted PM2.5 LC


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


838


818


838


838


838


838


838


838


838


838


838


838


838


838


838


838


838


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS
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P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


5


5


5


1


1


1


1


1


1


1


1


1


1


1


1


1


1


1


1


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


0350


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


2020


 102


 101


 102


 8464


 8464


 8464


 6052


 8745


 8345


 8345


 8345


 8762


 8762


 8761


 8762


 8761


 8762


 8597


 358


1.050


11.521


2.49


165.0


49.8


200.1


.070


2.1


291.3


54.8


335.7


6.3


360


97.5


94.6


1038.6


1.41


670.0


83.7


.927


10.444


2.17


162.6


45.9


198.4


.063


2.0


247.4


53.0


292.2


5.9


360


97.2


94.5


1038.6


1.23


513.0


31.0


.873


10.444


1.88


156.6


45.6


197.6


.063


2.0


239.2


50.1


280.9


5.8


360


97.0


94.2


1038.6


1.12


446.0


28.6


.870


10.331


1.67


147.9


45.4


186.6


.063


2.0


237.3


49.5


278.9


5.8


360


96.8


94.2


1038.6


.91


246.0


26.1


.5021*


5.4474*


.866*


3.87 


8.51 


12.43 


.0403 


.37 


13.62 


11.66 


25.33 


1.43 


187.9 


60.02 


59.59 


1014.62 


.004 


7.83 


7.80 


24 HOUR


24 HOUR


24 HOUR


1 HOUR


1 HOUR


1 HOUR


8-HR RUN 


AVG BEGIN 


HOUR


8-HR RUN 


AVG END 


HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


1 HOUR


24-HR BLK 


AVG


0


0


0


0


0


0


5


0


0


0


0


0


0


0


0


0


0


0


0


88388


88401


88403


42601


42602


42603


44201


42101


42601


42602


42603


61103


61104


62101


62201


64101


65102


88101


88101


Parameter


Site ID:


Site ID:


Site ID:


11-001-0043


11-001-0050


11-001-0051


Washington


Washington


Washington


City:


City:


City:


District of Columbia


District of Columbia


District of Columbia


Unit


County:


County:


County:


2500 1ST STREET, N.W. WASHINGTON DC


301 Van Buren Street, N.W. Washington DC 20012


3600 Benning Road N.E.


Address:


Address:


Address:


OP CSN_Rev Unadjusted PM2.5 LC 


TOT


Reconstructed Mass PM2.5 LC


Sulfate PM2.5 LC


Nitric oxide (NO)


Nitrogen dioxide (NO2)


Oxides of nitrogen (NOx)


Ozone


Carbon monoxide


Nitric oxide (NO)


Nitrogen dioxide (NO2)


Oxides of nitrogen (NOx)


Wind Speed - Resultant


Wind Direction - Resultant


Outdoor Temperature


Relative Humidity 


Barometric pressure


Rain/melt precipitation


PM2.5 - Local Conditions


PM2.5 - Local Conditions


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Parts per billion


Parts per billion


Parts per billion


Parts per million


Parts per million


Parts per billion


Parts per billion


Parts per billion


Knots


Degrees Compass


Degrees Fahrenheit


Percent relative 


humidity


Millibars


Inches (rainfall)


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


838


819


812


074


074


074


047


593


599


599


599


129


129


060


060


014


060


209


209


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS
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P


O


C PQAO Year


#


Obs


1st Max


Value


2nd Max


Value


3rd Max


Value


4th Max


Value


Arith.


Mean Duration


E
D
T


1


1


0350


0350


2020


2020


 353


 8529


32.5


372.0


25.2


72.0


20.6


59.0


19.9


48.0


6.56 


6.62 


24-HR BLK 


AVG


1 HOUR


0


0


88101


88101


Parameter


Site ID: 11-001-0053 WashingtonCity: District of Columbia


Unit


County: 201 N St SWAddress:


PM2.5 - Local Conditions


PM2.5 - Local Conditions


Micrograms/cubic meter


(LC)


Micrograms/cubic meter


(LC)


Meth


209


209


Cert& 


Eval







UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


AIR QUALITY SYSTEM


Apr. 28, 2021


Note: The * indicates that the mean does not


satisfy summary criteria.


QUICKLOOK ALL PARAMETERS
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PARAMETER


METHOD


CODE COLLECTION METHOD ANALYSIS METHOD


METHODS USED IN THIS REPORT


42101


42153


42401


42600


42601


42601


42601


42602


42602


42602


42603


42603


43102


43141


43202


43203


43204


43205


43206


43207


43208


43212


43214


43216


43217


43218


43218


43220


43221


43224


43226


43227


43230


43231


593


150


592


000


000


074


599


074


212


599


074


599


228


228


228


228


228


228


228


150


150


228


228


228


228


150


228


228


228


228


228


228


228


150


INSTRUMENTAL


SS 6L- PRESSURIZED CANISTER


Instrumental


MULTIPLE METHODS


MULTIPLE METHODS


INSTRUMENTAL


Instrumental


INSTRUMENTAL


Teledyne Model T500U


Instrumental


INSTRUMENTAL


Instrumental


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L - PRESSURIZED CANISTER 


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


Gas Filter Correlation Teledyne API 300 EU


CRYOGENIC PRECON GC/MS


Ultraviolet Fluorescence EC9850T


MULTIPLE METHODS


MULTIPLE METHODS


CHEMILUMINESCENCE


Chemiluminescence Teledyne API 200 EU/501


CHEMILUMINESCENCE


Cavity Attenuated Phase Shift Spectroscopy


Chemiluminescence Teledyne API 200 EU/501


CHEMILUMINESCENCE


Chemiluminescence Teledyne API 200 EU/501


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON:GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response
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43231


43232


43232


43233


43235


43238


43242


43243


43244


43247


43248


43248


43249


43250


43252


43253


43256


43257


43261


43262


43263


43280


43284


43285


43291


43372


43502


43503


43504


43505


43551


43551


43552


228


150


228


228


228


228


228


228


228


228


150


228


228


228


228


228


228


228


228


228


228


228


228


228


228


150


102


102


102


150


102


150


102


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L - PRESSURIZED CANISTER


CARTRIDGE-DNPH-ON-SILICA


CARTRIDGE-DNPH-ON-SILICA


CARTRIDGE-DNPH-ON-SILICA


SS 6L- PRESSURIZED CANISTER


DNPH-COATED CARTRIDGES


SS 6L- PRESSURIZED CANISTER


DNPH-COATED CARTRIDGES


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON:GC/MS


HPLC ULTRAVIOLET ABSORPTION


HPLC ULTRAVIOLET ABSORPTION


HPLC ULTRAVIOLET ABSORPTION


CRYOGENIC PRECON: GC/MS


HPLC (TO-14)


CRYOGENIC PRECON: GC/MS
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43552


43560


43560


43702


43704


43801


43802


43803


43804


43806


43811


43814


43815


43817


43818


43820


43823


43824


43829


43830


43831


43843


43844


43860


43954


43960


44201


45109


45109


45201


45201


45202


45202


150


102


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


150


228


228


047


150


228


150


228


150


228


SS 6L - PRESSURIZED CANISTER


CARTRIDGE-DNPH-ON-SILICA


SS 6L - PRESSURIZED CANISTER


SS 6L - PRESSURIZED CANISTER


SS 6L - PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


INSTRUMENTAL


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


HPLC (TO-14)


CRYOGENIC PRECON: GC/MS


HPLC ULTRAVIOLET ABSORPTION


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


ULTRA VIOLET


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS
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45203


45203


45204


45204


45207


45207


45208


45208


45209


45210


45211


45212


45213


45213


45218


45219


45220


45220


45225


45501


45801


45807


46401


61103


61104


62101


62101


62201


62201


63301


63304


64101


65102


150


228


150


228


150


228


150


228


228


228


228


228


150


228


228


228


150


228


228


102


150


150


150


129


129


059


060


059


060


011


011


014


013


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


SS 6L- PRESSURIZED CANISTER


preconcentrator trap/thermal desorber - electr


preconcentrator trap/thermal desorber - electr


DNPH-COATED CARTRIDGE


SS 6L- PRESSURIZED CANISTER


SS 6L- PRESSURIZED CANISTER


SS 6L - PRESSURIZED CANISTER


Ultrasonic Wind Sensor MD1425A


Ultrasonic Wind sensor MD1425A


Instrumental


Instrumental


Instrumental


Instrumental


INSTRUMENTAL


INSTRUMENTAL


INSTRUMENTAL


TIPPING BUCKET


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


CRYOGENIC PRECON: GC/MS


Markes CIA TD/Agilent GC dual FID - carbon response


Markes CIA TD/Agilent GC dual FID - carbon response


HPLC (TO-14)


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


CRYOGENIC PRECON: GC/MS


Vector Average Data Logger


Vector Average Data Logger


Vaisala HMP 155


Vaisala 435C RH/AT Sensor


Vaisala HMP 155


Vaisala 435C RH/AT Sensor


PYRANOMETER


PYRANOMETER (AVERAGE HOURLY)


BAROMETRIC SENSOR
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65102


68105


68108


68111


68112


68113


68114


68115


68116


68117


68118


81102


82103


82105


82110


82112


82128


82132


82136


84313


86101


88101


88101


88102


88103


88104


88107


88109


88110


88111


88112


88113


88114


060


810


810


810


812


838


810


812


838


838


838


122


110


110


110


110


110


110


110


894


185


145


209


811


811


811


811


811


811


811


811


811


811


Instrumental


Met One SASS/SuperSASS


Met One SASS/SuperSASS


Met One SASS/SuperSASS Teflon


MetOne SASS/SuperSASS Nylon


URG3000N


MetOne SASS/SuperSASS Teflon


MetOne SASS/SuperSASS Nylon


URG3000N


URG 3000N


URG 3000N


INSTRUMENT MET ONE 4 MODELS


Hi-Vol SA/GMW1200 Quartz


Hi-Vol SA/GMW1200 Quartz


Hi-Vol SA/GMW1200 Quartz


Hi-Vol SA/GMW1200 Quartz


Hi-Vol SA/GMW1200 Quartz


Hi-Vol SA/GMW1200 Quartz


Hi-Vol SA/GMW1200 Quartz


Magee Scientific TAPI M633 Aethalometer


Met One BAM-1020 System


R & P Model 2025 PM-2.5 Sequential Air Sampler


Met One BAM-1022 Mass Monitor w/ VSCC or TE-PM


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


METONE 8 HEATD RAIN GAUGE 375


Vaisala 444A Tipping Bucket


Electronic


Barometric Sensor


Sample Flow Rate CV


Sample Flow Rate CV


Sample Flow Rate CV


Sample Volume


Sample Volume


Sample Volume


Electronic


Barometric Sensor


BETA ATTENUATION


ICP/MS


ICP/MS


ICP/MS


ICP/MS


ICP/MS


ICP/MS


ICP/MS


Optical absorption


Paired Beta Difference


Gravimetric


Beta Attenuation


Energy dispersive XRF


Energy dispersive XRF


Energy dispersive XRF


Energy dispersive XRF


Energy dispersive XRF


Energy dispersive XRF


Energy dispersive XRF


Energy dispersive XRF


Energy Dispersive XRF
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88115


88117


88118


88126


88128


88131


88132


88136


88140


88152


88154


88160


88161


88164


88165


88166


88167


88168


88169


88176


88180


88184


88185


88203


88301


88302


88303


88306


88313


88314


88320


88321


88324


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


811


812


812


812


812


812


894


894


838


838


838


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Teflon


Met One SASS Nylon


Met One SASS Nylon


Met One SASS Nylon


Met One SASS Nylon


Met One SASS Nylon


Magee AE33/ TAPI M633 Aethalometer


Magee AE33/ TAPI M633 Aethalometer


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


Energy dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Energy Dispersive XRF


Ion Chromatography


Ion Chromatography


Ion Chromatography


Ion Chromatography


Ion Chromatography


Optical absorption


Optical absorption


OC1+OC2+OC3+OC4+OP (88324+88325+88326+88327+88328)


EC1+EC2+EC3-OP (88329+88330+88331-88336)
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88325


88326


88327


88328


88329


88330


88331


88348


88355


88357


88370


88374


88375


88376


88377


88378


88379


88380


88381


88382


88383


88384


88385


88388


88401


88403


838


838


838


838


838


838


838


818


838


838


838


838


838


838


838


838


838


838


838


838


838


838


838


838


819


812


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


Calculated from Met One SASS Teflon


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


URG 3000N w/Pall Quartz filter and Cyclone Inl


Calculated from Met One SASS (Teflon and Nylon


Met One SASS Nylon


IMPROVE TOR w/STN Urban Adjustment


IMPROVE TOR w/STN Urban Adjustment


IMPROVE TOR w/STN Urban Adjustment


IMPROVE TOR w/STN Urban Adjustment


IMPROVE TOR w/STN Urban Adjustment


IMPROVE TOR


IMPROVE TOR


IMPROVE TOR


Soil = 


2.2*[88104]+2.49*[88165]+1.63*[88111]+2.42*[88126)+1.94*[88161]


OC1+OC2+OC3+OC4+OP (88374+88375+88376+88377+88388)


EC1+EC2+EC3-OP (88329+88330+88331-88388)


OC1+OC2+OC3+OC4+(OP(TOR))=(88374+88375+88376+88377+88378)


IMPROVE TOR


IMPROVE TOR


IMPROVE TOR


IMPROVE TOR


IMPROVE TOR


IMPROVE_A TOT w/CSN urban adjustment


EC1+EC2+EC3-(OP(TOR))=(88383+88384+88385-88378))


EC1+EC2+EC3-(OP(TOT))=(88329+88330+88331-88379)


OC1+OC2+OC3+OC4+(OP(TOT))=(88324+88325+88326+88327+88379)


IMPROVE_A


IMPROVE_A


IMPROVE_A


IMPROVE TOT


RCFM = 


4.125*[88169]+1.29*[88306]+[88348]+1.8*[88203]+[88321]+1.4*[883


20]


Ion Chromatography
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0350 Department of Energy & Environment, District of Columbia
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M


N


S


U


X


Y


The monitoring organization has revised data from this monitor since the


most recent certification letter received from the state.


The certifying agency has submitted the certification letter and required


summary reports, but the certifying agency and/or EPA has determined


that issues regarding the quality of the ambient concentration data cannot


be resolved due to data completeness, the lack of performed quality


assurance checks or the results of uncertainty statistics shown in the


AMP255 report or the certification and quality assurance report.


The certifying agency has submitted the certification letter and required


summary reports. A value of "S" conveys no Regional assessment regarding


data quality per se. This flag will remain until the Region provides an "N" or


"Y" concurrence flag.


Uncertified. The certifying agency did not submit a required certification


letter and summary reports for this monitor even though the due date has


passed, or the state's certification letter specifically did not apply the


certification to this monitor.


Certification is not required by 40 CFR 58.15 and no conditions apply to be


the basis for assigning another flag value


The certifying agency has submitted a certification letter, and EPA has no


unresolved reservations about data quality (after reviewing the letter, the


attached summary reports, the amount of quality assurance data


submitted to AQS, the quality statistics, and the highest reported


concentrations).


MEANING


CERTIFICATION EVALUATION AND CONCURRENCE FLAG MEANINGS


FLAG








DEPARTMENT OF ENERGY AND ENVIRONMENT 
 


NOTICE OF PUBLIC HEARING AND PUBLIC COMMENT PERIOD 
 


Draft Ozone Exceptional Event Demonstration 
 
Notice is hereby given that a public hearing will be held on Monday, September 20, 
2021, at 5:30 p.m. The public hearing will be held using teleconferencing, which allows 
for both a video and voice over internet protocol (VOIP) connection: weblink: 
https://dcnet.webex.com/dcnet/j.php?MTID=m6a400fe7f0773febb05fbc2b0612e46d and 
telephone line connection: call-in number: +1-202-860-2110 Access code: 180 802 9190 
 
This hearing and public comment period provide interested parties an opportunity to 
comment on a draft demonstration by the Department of Energy & Environment (DOEE) 
of an exceptional event for ambient ozone air quality data in the District during 2020 
while the Covid-19 health emergency was in effect from March 11 to December 31. Once 
the demonstration is finalized, it will be submitted to EPA for approval. 


The EPA designated the District as a Marginal Nonattainment Area for the 2015 8-hour 
Ozone National Ambient Air Quality Standards (NAAQS) after promulgation of the 
revised standards established at 0.070 parts per million (ppm), effective on August 3, 
2018 (83 Fed. Reg. 25776, June 4, 2018). Compliance must be determined by EPA using 
data monitored until August 3, 2021.  


DOEE found, as outlined in the analysis presented in the exceptional event 
demonstration, that ozone reductions in 2020 were not due to permanent and enforceable 
controls, but due to unique traffic congestion that was directly the result of the Covid-19 
public health emergency. DOEE found that the ozone levels caused by the Covid-19 
health emergency were caused by a natural phenomenon (the zoonotic transfer of the 
virus) and therefore are not anticipated to reoccur in the future. Thus, DOEE finds that 
ozone data from March 16, the day the District of Columbia Government began 
modifying its operations, to December 31, 2021, should be excluded from comparison 
against the ozone NAAQS and other relevant policy making by EPA. 


DOEE is seeking public comments on the draft exceptional event demonstration. Copies 
of the proposed demonstration are available for public review on DOEE’s website at: 
https://doee.dc.gov/service/exceptional-event-demonstration-2020-ozone-levels.  
 
Interested parties wishing to testify at this hearing should submit, in writing, their name, 
address, telephone number and affiliation to Air Quality Division (AQD), Department of 
Energy and Environment at the address: 1200 First Street, NE, Fifth Floor, Washington, 
DC 20002, or email Mr. Joseph Jakuta at joseph.jakuta@dc.gov by 4:00 p.m. on 
September 20, 2021. Interested parties may also submit written comments to AQD’s Air 
Quality Planning Branch at the same address or by email to Mr. Joseph Jakuta at 
joseph.jakuta@dc.gov. Questions can be directed to Mr. Joseph Jakuta at 
joseph.jakuta@dc.gov or by phone at 202-669-5817. No comments will be accepted after 
September 20, 2021.  
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GOVERNMENT OF THE DISTRICT OF COLUMBIA 
Department of Energy and Environment 


 
 
 


                             1200 First Street NE, 5th Floor, Washington, DC 20002 | (202) 535-2600 | doee.dc.gov  
 


MEMORANDUM 
 
TO:  Tommy Wells 
  Director 
 
THRU: Collin R. Burrell  


Deputy Director, Environmental Services Administration, DOEE 
 
THRU: Kelly Crawford  


Associate Director, Air Quality Division, Environmental Services Administration 
   
FROM: Joseph Jakuta 


Environmental Protection Specialist, Monitoring and Assessment Branch, Air 
Quality Division, Environmental Services Administration 
 


DATE: September 21, 2021 
 
SUBJECT:     Hearing Officer’s Certification for the Public Hearing for Exceptional Event 


Demonstration for Ozone Data Measured during Covid-19 Health Emergency 
 
 
This is to certify that a public hearing was held at 5:30 p.m. on Monday, September 20, 2021, to 
give the public the opportunity to comment on a plan by the Department of Energy & Environment 
(DOEE) to submit to the Environmental Protection Agency (EPA) a proposed Exceptional Event 
Demonstration for Ozone Data Measured during Covid-19 Health Emergency. A Notice of Public 
Hearing with Public Comment Period was posted in the D.C. Register on August 21, 2021 (68 
DCR 008218). 
 
Joseph Jakuta from the Air Quality Division represented the District. No one provided comment 
at the public hearing.  
 
 








GOVERNMENT OF THE DISTRICT OF COLUMBIA 
Department of Energy and Environment 


 
 
 
 
 


                             1200 First Street NE, 5th Floor, Washington, DC 20002 | (202) 535-2600 | doee.dc.gov  
 


Diana Escher 
U.S. Environmental Protection Agency 
Region III (Mail Code: 3RA00) 
1650 Arch Street 
Philadelphia, PA 19103-2029 
 
RE:  Requesting EPA to exclude ozone data in the District from March 16 through 


December 31, 2020 due to unusual traffic congestion that resulted from the Covid-
19 health emergency 


 
Dear Acting Regional Administrator Escher: 
 
On behalf of the District of Columbia (District), I thank you for the opportunity to submit this 
demonstration that the unusual traffic congestion that resulted from the Covid-19 health 
emergency led to an exceptional event in the District for ozone from March 16 through 
December 31, 2020 as defined by Clean Air Act § 319 (b).   
 
A Notice of Public Hearing and Public Comment Period was posted in the D.C. Register on 
August 20, 2021 (68 DCR 008218).  No comments were received during the comment period.  
DOEE also initiated multiple conversations with Region 3 staff of its intention to submit a 
demonstration in order to provide initial notification to EPA.   
 
Enclosed are the following: 
 


• The Exceptional Event Demonstration; 
• The Ozone Regression Analysis – Attachment A; 
• The Data Certification Letter – Attachment B; 
• The Notice of Public Hearing and Comment Period – Attachment C; and 
• The Hearing Officer’s Certification – Attachment D. 
 


Your expeditious review and approval of this exceptional event demonstration is requested. 
Please contact Ms. Kelly Crawford, Associate Director, Air Quality Division, at (202) 724-7650, 
if you have any questions concerning this demonstration and the enclosed documentation.   
 
 
Sincerely,  
 
 
 
Tommy Wells 
Director 
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Enclosures: 5 
 
 
cc:  Cristina Fernandez, Air Protection Division, EPA Region 3 
 Collin R. Burrell, Environmental Services Administration, DOEE 
 Kelly Crawford, Air Quality Division, DOEE 


Rama S. Tangirala, Monitoring and Assessment Branch, Air Quality Division, DOEE 
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1.0 Background 


In 2015, EPA promulgated a resolution strengthening the National Ambient Air Quality Standard 
(NAAQS) for Ozone to 0.070 parts per million (ppm) (80 FR 65292, October 26, 2015).  On June 4, 2018, 
the District of Columbia (District), along with surrounding counties in Maryland and Virginia, was 
designated as marginal nonattainment for the 2015 Ozone NAAQS (83 FR 25776, June 4, 2018).  Due to 
the deadlines and requirements in the Clean Air Act, as well as what was required in the 2015 Ozone 
NAAQS Implementation Rule (83 FR 62998, December 6, 2018), which was issued to clarify these 
deadlines and requirements specifically for the 2015 Ozone NAAQS, the Washington DC-MD-VA 
nonattainment area is required to demonstrate attainment based on the ambient ozone levels 
recorded in 2018 through 2020.   
 
Starting on March 11, 2020, the District instituted a state of emergency in response to the Covid-19 
health crisis.1  On March 16, 2020, the District of Columbia Government, as did the Federal 
Government and many other employers in the District, began modifying their operations to require 
telework among many of their employees.  This state of emergency led to drastic changes in behavior, 
in particular in the use of transportation due to the sudden move towards telework.  This in turn led to 
substantial reductions in emissions associated with commuting.  This affected the air quality positively, 
but the changes in emissions are not quantifiable, enforceable, nor permanent, and use of the 
abnormal ambient data from the health emergency could result in a decreased ability for the District to 
maintain healthy air over the long-term.   
 
The Covid-19 emergency and subsequent unique traffic disruption was an exceptional event under the 
Clean Air Act, both in general and specifically in terms of its impact on air quality.  In this document, we 
will demonstrate that the Covid-19 emergency and related unique traffic disruption had a positive 
effect on air quality. Further, the reduction in emissions was also due to changes in human activity, 
namely a unique traffic disruption, which is unlikely to recur.  We will also show that the request for 
this exceptional event clearly follows the law as outlined in Clean Air Act § 319 (b)(3)(A).  While we 
understand that a massive pandemic was not anticipated when the exceptional events rule was 
promulgated, we believe that the exceptional event rule unnecessarily limits the broader Clean Air Act 
definition of exceptional event to only include exceedances, and that this exceptional event should also 
be accepted, even though it might not meet some specific requirements since the Exceptional Events 
Rule was tailored only to address events that resulted in exceedances.  We will also show how granting 
this exceptional event is important to the long-term ability for the District to attain the 2015 Ozone 
NAAQS. 


1.1 Washington, DC-MD-VA Ozone Nonattainment Area 
The Washington, DC-MD-VA ozone nonattainment area is made up of the District, five counties in 
Maryland, four counties in Virginia, and five independent cities in Virginia as shown in Figure 1.  This 
figure also shows the location of the 14 air quality monitors used in determining compliance with the 
ozone NAAQS. 


                                                      
1 Mayor’s Order 2020-045: Declaration of Public Health Emergency - Coronavirus (COVID-19) 
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Figure 1: Metropolitan Washington 8-hour Ozone Nonattainment Region (Washington, DC-MD-VA) 


 


1.2 Clean Air Act Requirements 
The Clean Air Act, as amended by the 2005 Safe, Accountable, Flexible, Efficient Transportation Equity 
Act: A Legacy for Users (SAFTE-LU) (Public Law No: 109-59), states the following in regards to 
exceptional events: 
 


319 (b) AIR QUALITY MONITORING DATA INFLUENCED BY EXCEPTIONAL EVENTS 
(1) DEFINITION OF EXCEPTIONAL EVENT In this section: 


(A) In general the term “exceptional event” means an event that— 
(i) affects air quality; 
(ii) is not reasonably controllable or preventable; 
(iii) is an event caused by human activity that is unlikely to recur at a 
particular location or a natural event; and 
(iv) is determined by the Administrator through the process established 
in the regulations promulgated under paragraph (2) to be 
an exceptional event. 


(B) Exclusions In this subsection, the term “exceptional event” does not 
include— 


(i) stagnation of air masses or meteorological inversions; 
(ii) a meteorological event involving high temperatures or lack of 
precipitation; or 
(iii) air pollution relating to source noncompliance. 



https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-1237267717-1347188293&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619
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(2) REGULATIONS 
(A) Proposed regulations Not later than March 1, 2006, after consultation 
with Federal land managers and State air pollution control agencies, 
the Administrator shall publish in the Federal Register proposed regulations 
governing the review and handling of air quality monitoring data influenced 
by exceptional events. 
(B) Final regulations Not later than 1 year after the date on which 
the Administrator publishes proposed regulations under subparagraph (A), and 
after providing an opportunity for interested persons to make oral 
presentations of views, data, and arguments regarding the proposed 
regulations, the Administrator shall promulgate final regulations governing the 
review and handling or air quality monitoring data influenced by an exceptional 
event that are consistent with paragraph (3). 


(3) PRINCIPLES AND REQUIREMENTS 
(A) Principles In promulgating regulations under this section, 
the Administrator shall follow— 


(i) the principle that protection of public health is the highest priority; 
(ii) the principle that timely information should be provided to the 
public in any case in which the air quality is unhealthy; 
(iii) the principle that all ambient air quality data should be included in 
a timely manner, an appropriate Federal air quality database that is 
accessible to the public; 
(iv) the principle that each State must take necessary measures to 
safeguard public health regardless of the source of the air pollution; 
and 
(v) the principle that air quality data should be carefully screened to 
ensure that events not likely to recur are represented accurately in all 
monitoring data and analyses. 


(B) Requirements Regulations promulgated under this section shall, at a 
minimum, provide that— 


(i) the occurrence of an exceptional event must be demonstrated by 
reliable, accurate data that is promptly produced and provided by 
Federal, State, or local government agencies; 
(ii) a clear causal relationship must exist between the measured 
exceedances of a national ambient air quality standard and 
the exceptional event to demonstrate that the exceptional 
event caused a specific air pollution concentration at a particular air 
quality monitoring location; 
(iii) there is a public process for determining whether an event is 
exceptional; and 
(iv) there are criteria and procedures for the Governor of a State to 
petition the Administrator to exclude air quality monitoring data that 
is directly due to exceptional events from use in determinations by 
the Administrator with respect to exceedances or violations of the 
national ambient air quality standards. 


(4) INTERIM PROVISION Until the effective date of a regulation promulgated under 
paragraph (2), the following guidance issued by the Administrator shall continue to 
apply: 


(A) Guidance on the identification and use of air quality data affected 
by exceptional events (July 1986). 
(B) Areas affected by PM–10 natural events, May 30, 1996. 
(C) Appendices I, K, and N to part 50 of title 40, Code of Federal Regulations. 



https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-1767254843-1186899446&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-80204913-1186899451&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-991716523-1186899450&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-80204913-1186899451&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-80204913-1186899451&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-80204913-1186899451&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-146731693-1186899454&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-562915404-1886022048&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/definitions/uscode.php?width=840&height=800&iframe=true&def_id=42-USC-84067925-1860823237&term_occur=999&term_src=title:42:chapter:85:subchapter:III:section:7619

https://www.law.cornell.edu/cfr/text/40/part-50
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The legislative summary of this section provides the following legislative intent for recognizing 
exceptional events : 
 


SUMMARY 
Section 1618 requires EPA to promulgate regulations governing the handling of 
air quality monitoring data influenced by exceptional events. These regulations 
would allow governors to petition EPA to exclude air quality data directly due to 
exceptional events. Events such as forest fires or volcanic eruptions, should not 
influence whether a region is meeting its Federal air quality goals. The section 
includes requirements for demonstrating the occurrence of such a natural event 
by reliable and accurate data, a clear causal relationship between the 
exceptional event and a national air quality standard exceedance, and a public 
process for the determination. 
 
DISCUSSION 
This section includes a definition of exceptional events and excludes certain 
events from the definition. Natural climatological occurrences such as stagnant 
air masses, high temperatures, or lack of precipitation influence pollutant 
behavior but do not themselves create pollutants. Thus, they are not considered 
exceptional events. Likewise, air pollution related to source noncompliance may 
not be considered an exceptional event. In contrast, events which are part of 
natural ecological processes, which generate pollutants themselves that cannot 
be controlled, qualify as exceptional events. 
 
… 
 
EPA is directed to follow principles in promulgating regulations under this 
section. These principles reflect the requirements of the current Clean Air Act and 
do not establish new requirements for States or EPA to meet. Instead, these are 
principles that EPA must follow when promulgating regulations under this 
section.2 


 


1.3 Document Overview 
 
Section 2 will outline how our request meets the Clean Air Act definition of an exceptional event.  
Section 3 will outline how our request follows the principles found in the Clean Air At.  Section 4 will 
outline how our request follows the requirements in the Clean Air Act.  Clean Air Act § 319(b)(2) solely 
places requirements for EPA to promulgate regulations and Clean Air Act § 319(b)(4) solely describes 


                                                      
2 https://www.congress.gov/congressional-report/109th-congress/senate-report/53/1?overview=closed 
 



https://www.congress.gov/congressional-report/109th-congress/senate-report/53/1?overview=closed
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how to approach exceptional events prior to the promulgation of new regulations, so neither will be 
evaluated. 
 


2.0 Definition of an Exceptional Event 


In this section, we will demonstrate how the Covid-19 health emergency met the definition of an 
exceptional event with each section of text following the outline of the statute as written in full in 
Section 1.2 


2.1 Affects Air Quality 
 
40 CFR § 50.14(c)(3)(iv)(A)–(C)  addresses what a state must demonstrate to justify exclusion of data: : 
 


(A) A narrative conceptual model that describes the event(s) causing the exceedance or violation 
and a discussion of how emissions from the event(s) led to the exceedance or violation at the 
affected monitor(s); 
(B) A demonstration that the event affected air quality in such a way that there exists a clear 
causal relationship between the specific event and the monitored exceedance or violation; 
(C) Analyses comparing the claimed event-influenced concentration(s) to concentrations at the 
same monitoring site at other times to support the requirement at paragraph (c)(3)(iv)(B) of this 
section. The Administrator shall not require a State to prove a specific percentile point in the 
distribution of data; 


 
Effect on NOX Emissions 
As one can see in Figure 2, in both the spring (March, April, May) and summer (June, July, August) 
months of 2020, there were substantial reductions in satellite observed NO2, 39.5% and 17.1%, 
respectively. This is clear evidence that the Covid-19 health emergency had a substantial impact on 
NOX pollution in the Washington, DC-MD-VA nonattainment area. 


  
Figure 2: Reduction in satellite monitored NO2 from 2018 and 2019 to 2020 in March/April/May (left) and 
June/July/August (right)3 
                                                      
3 Email communication with Daniel Goldberg, PhD. 
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This evidence is further supported by ground-level NOX readings in the District.  As shown in Figure 3, 
ozone season NO2 and NOX were measured at steady levels in 2017 through 2019, but  in 2020 the 
levels drop.  This drop was particularly pronounced for the average daily ozone season maximum 
recorded NO2 and NOX, which is a more important metric than mean daily ozone season values to look 
at given a higher level of NOX’s impact on ozone formation (discussed in more detail in Section 2.1.1). 
Additionally, looking at the maximum daily monitored NO2 (Figure 4) and NOX (Figure 5), with the 
exception of two spikes during shoulder months, levels of NO2 and NOX remained considerably lower 
throughout the 2020 ozone season. 
 


 
Figure 3: Ozone season mean daily and mean daily max NO2 and NOX at McMillian Reservoir Monitor 
(110010043) 
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Figure 4: Maximum daily NO2 ozone season concentration (ppb) as monitored at McMillan Reservoir 
(110010043) from 2013 to 2020 (2020 highlighted in black) 


 
Figure 5: Maximum daily NOX ozone season concentration (ppb) as monitored at McMillan Reservoir 
(110010043) from 2013 to 2020 (2020 highlighted in black) 
 
Effect on VOC Emissions 
While reductions are expected in VOC emissions from the reduction in Vehicle Miles Traveled (VMT) 
associated with the unique traffic congestion experienced in 2020, evidence does not appear in 
monitored data for a change in the overall magnitude of VOC levels in parts per billion Carbon (ppbC).  
Figure 6 shows the mean daily max and mean VOC concentrations at the McMillan Reservoir 
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Photochemical Assessment Monitoring Station (PAMS) for the recent four years and there is no 
discernible decrease in monitored levels in 2020.  The maximum daily monitored VOCs Figure 7 also 
does not appear to have  noticeably dropped in monitored VOCs levels in 2020.  Thus, while there may 
have been a decrease in VOC emissions associated with vehicle travel, its effect was not powerful 
enough to impact overall monitored levels. 
 


 
Figure 6: June through August mean daily and mean daily max VOC (ppbC) at McMillian Reservoir Monitor 
(110010043) 
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Figure 7: Maximum daily VOC June through August concentration (ppbC) as monitored at McMillan Reservoir 
(110010043) from 2013 to 2020 (2020 highlighted in black) 
 
Effect on Ozone Levels 
The analysis presented in Attachment A clearly demonstrates that events resulting from the COVID 
emergency of 2020 had an impact on air quality levels.  The analysis used both ordinary least squares 
and quantile regression models developed using solely meteorological and temporal variables to 
predict ozone.  In typical years (2013-2019 for this analysis), these tools, which did not directly 
consider emissions, under-predicted peak the 4th highest daily maximum, 8-hour ozone by about 3.86 
(QR) and 10.1 (OLS) ppb on average.  Contrast that to 2020 for which, using solely meteorological and 
temporal variables, the QR tool over-predicted the 4th highest ozone season daily maximum, 8-hour 
ozone by 5 ppb and the OLS tool under-predicted ozone by only 1 ppb, swings of 8.86 and 9.1 ppb from 
the 2013-2019 predictions respectively.  It should be noted that regressions tools that ignore emission 
variables were fairly accurate in predicting peak 2020 ozone levels, which supports the contention that 
the lack of emissions played a crucial role in the exceptionally low ozone levels observed in 2020. 
 
This result was expected  from a straight observance of data from 2013 to 2019 and then 2020.  Figure 
8 through Figure 13 show the maximum daily ozone from 2013-2019 and the mean maximum daily 
ozone from 2013-2019, both compared to the 2020 daily maximum ozone, for each monitor in the 
District.  It is discernable from looking at the 4th highest daily maximum, 8-hour ozone that ozone levels 
were  depressed in 2020.  And the mean daily maximum ozone shows  that the summer of 2020 
experienced far less ozone than typical. 
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Figure 8: Maximum ozone (ppb) by day of the ozone season for 2013-19 and 2020 (McMillan Reservoir: 
110010043) 
 


 
Figure 9: Mean daily maximum ozone (ppb) by day of the ozone season for 2013-19 and 2020 (McMillan 
Reservoir: 110010043) 
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Figure 10: Maximum ozone (ppb) by day of the ozone season for 2013-19 and 2020 (River Terrace: 110010041) 
 
 


 
Figure 11: Mean daily maximum ozone (ppb) by day of the ozone season for 2013-19 and 2020 (River Terrace: 
110010041) 
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Figure 12: Maximum ozone (ppb) by day of the ozone season for 2013-19 and 2020 (Takoma Rec Center: 
110010050) 
 


 
Figure 13: Mean daily maximum ozone (ppb) by day of the ozone season for 2013-19 and 2020 (Takoma Rec 
Center: 110010050) 
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2.1.1  Conceptual Model 
 
Ozone is a secondary gas that is created by the photochemical reaction between precursor pollutants, 
in this case volatile organic compounds (VOCs) and nitrogen oxides (NOX), in the presence of sunlight. 
Equations 1-4 explain the formation and depletion of ground-level ozone. 
 


2𝑁𝑁𝑁𝑁 +  𝑁𝑁2 → 2𝑁𝑁𝑁𝑁2 (1) 


𝑁𝑁𝑁𝑁2 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑡𝑡 → 𝑁𝑁𝑁𝑁 + 𝑁𝑁  (2) 


𝑁𝑁 +  𝑁𝑁2  →  𝑁𝑁3 (3) 


𝑁𝑁3 + 𝑁𝑁𝑁𝑁 → 𝑁𝑁𝑁𝑁2 +  𝑁𝑁2 (4) 


Nitric oxide (NO) reacts with oxygen (O2) to produce nitrogen dioxide (NO2).  In the presence of 
sunlight, NO2 breaks apart to form NO and a free oxygen atom.  The free oxygen atom collides with 
molecules of oxygen to form ozone.  
 
Generally, the highest levels of ozone occur during the hottest part of the year.  In the District, the 
highest ozone levels are generally seen from May 1st to September 30th. During the day, ozone 
typically peaks in the mid to late afternoon.  The relationship between NOX and VOC levels and ozone, 
however, is not linear with ozone creation in certain areas or times of day being caused more by VOCs 
or NOX depending on the chemistry, as shown in the example in Figure 14.  In the District, all current 
evidence points towards the region being NOX limited most days. 
 


 
Figure 14: Typical ozone isopleths4 
 
Determining which types of sources impact ozone formation is also important to understanding the 
conceptual model behind the event.  The Ozone Transport Commission (OTC) conducted source 
                                                      
4 Environment and Resources S Committee on Geosciences and National Research Council Staff, Rethinking the Ozone 
Problem in Urban and Regional Air Pollution (Washington: National Academies Press, 1991). 
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apportionment modeling using a 2011-based emissions platform.5  Table 1 shows the modeled 
contribution to ozone exceedances and the 4th highest ozone value from the modeling.  Excluding 
boundary conditions, which are not controllable, onroad mobile sources contribute nearly 20% to 
ozone levels on these days of concern.  A major change to the transportation system would have a 
disproportionate effect on ozone levels.  
 
Table 1: Average contribution by sector to McMillan, DC (110010043) monitor ordered by exceedance average 
Source Group Exceedance Avg Exceedance Avg % 4th High Avg 4th High Avg % 


Boundary Conditions 19.9 32.1% 22.7 26.3% 
Onroad Mobile  11.3 18.3% 17.1 19.8% 
    Diesel Vehicles 6.0 9.7% 9.2 10.6% 


    Gasoline Vehicles 5.4 8.7% 7.9 9.2% 


Nonroad Mobile 8.5 13.8% 12.6 14.6% 
Non-EGU Point Source 6.3 10.3% 9.5 11.0% 
ERTAC EGU Point Source 4.5 7.3% 7.8 9.0% 
Nonpoint Sources  3.5 5.7% 5.4 6.3% 
Biogenic 3.0 4.8% 3.6 4.1% 
Oil & Gas 2.0 3.2% 3.5 4.0% 
Marine/Rail 1.8 2.9% 2.3 2.7% 
Other 1.0 1.6% 1.8 2.0% 


 


2.1.2  Causal Relationship 
  
As can be inferred from the conceptual model presented in Section 2.1.1, the relationship between the 
event  and the ozone level is: 


1. The Covid-19 health emergency caused unique levels of traffic congestion due to stay at home 
orders, mandatory telework, etc. in the Washington, DC area. 


2. The marked decreases in traffic led to beyond normal reductions in NOX pollution. 
3. The reduction in NOX pollution from onroad vehicles, combined with the location the 


Washington, DC area is on the ozone production curve, lead to exceptional decreases in ozone 
pollution. 


4. The reductions in ozone were also not attributable to unique meteorological conditions or the 
implementation of control measures. 


 


2.1.2.1  Link between Covid-19 and Traffic Congestion 
One can see in Figure 15 that, starting in April 2020, Vehicle Miles Traveled (VMT) was consistently 
depressed throughout the remainder of the year.  Figure 16 further shows the year-on-year VMT 
percentage decreases from 2019 to 2020, with May having the most pronounced decrease of 36.5 


                                                      
5 Ozone Transport Commission, Technical Support Document for the 2011 Ozone Transport Commission/Mid-Atlantic 
Northeastern Visibility Union Modeling Platform - 2nd Revision, Washington, DC (Washington, DC: OTC, October 2018). 
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percent.  July was the month with the smallest percentage decrease, although there was still a 
decrease of 15.9 percent in the District.   


 
Figure 15: Monthly VMT from 2013-20206 
 


                                                      
6 Office of Highway Policy Information.  “Traffic Monitoring Trends” 
https://www.fhwa.dot.gov/policyinformation/travel_monitoring/tvt.cfm 
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Figure 16: Percentage change in VMT from 2019 to 2020 by month 
While data wasn’t directly available for the District, Maryland Department of Environment (MDE) had 
data available from a traffic counter on I-95 located between Baltimore and Washington.  This data 
showed that the reduced VMT was almost exclusively from the light-duty vehicle sector as implied by 
the nearly consistent levels of truck traffic as shown in Figure 17.  It is reasonable to expect that a 
similar pattern of decrease in VMT would occur in the District. 
 


 
Figure 17: MDE traffic count from I-95 near road site (Feb 4, 2020 - June 20, 2021) (courtesy of MDE) 
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2.1.2.2  Link between Decreased Traffic Congestion and NOX Reductions 
To show the impact that the decreased traffic congestion had on NOX emissions, two MOVES runs were 
completed.  This work began before the introduction of MOVES3 so MOVES 2014b was used.  A base 
case for 2019 was run using the inputs from Visualize 2045.7  Then VMT and monthly VMT fractions 
were adjusted for a 2020 Covid-19 projected case. All other factors that could have changed are 
expected to have a minimal effect on emissions compared to the change in VMT and thus were not 
considered. 
 
To adjust, VMT levels were set 81.27 percent (81.27%) less than annual VMT in 2019.  This was applied 
exclusively to the HPMSVtypeID of 25 for light duty vehicles and corresponded to the annual 
percentage reduction in VMT from 2019 to 2020.  Additionally, the monthVMTFraction was adjusted 
for light-duty passenger vehicles (sourceTypeIDs 31 and 32) as shown in Table 1. 
 
Table 2: MOVES monthVMTFraction for light-duty vehicles 
 1 2 3 4 5 6 7 8 9 10 11 12 
Original 0.081544 0.075658 0.085371 0.08476 0.088264 0.087217 0.089758 0.089807 0.084391 0.086337 0.080828 0.066067 


Adjustment 1.30915 1.255013 1.419887 0.861283 0.783768 0.958485 1.03477 1.017545 1.023697 1.022466 1.017545 1.000319 


Projected 0.106753 0.094952 0.121217 0.073002 0.069178 0.083596 0.092879 0.091383 0.086391 0.088276 0.082246 0.066088 


 
The results (Figure 18 and Figure 19) showed a striking reduction in April and May for both NOX and 
VOCs, though the reduction in VOCs was lesser in magnitude.  As expected, the reductions in pollution 
leveled off starting in June and remained consistent throughout the remainder of the year. 


 
Figure 18: Total NOX and VOCs (tons) from 2019 and 2020 VMT adjusted MOVES run. 


                                                      
7 Metropolitan Washington Council of Governments, Visualize 2045: A Long Range Transportation Plan for the National 
Capital Region, (October 2018). 
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Figure 19: Percent monthly reduction in NOX and VOCs from 2020 VMT adjusted MOVES run. 
 


2.1.2.3  Link between NOX Reductions and Ozone Reductions 
The linkage between reductions in NOX emissions and reduction in ozone emissions was discussed in 
detail in the previous section (2.1.1) on the conceptual model. 


2.1.2.4  Refutations of Other Explanations for Ozone Reductions  
Concerning the meteorological conditions in 2020, as shown in Figures 2 through 5 as well as in Table 2 
of Attachment A, the meteorological variables from 2013 to 2019 are similarly correlated with ozone 
levels in 2020 as matched based on the ranking of the 8-hour ozone daily maximum and time of day.  
Of the variables, temperature and Global Horizontal Irradiance (GHI) both have stronger positive 
correlations, and relative humidity has a strong negative correlation with ozone. The other variables 
have less pronounced correlations.  Wind speed has a less pronounced correlation with ozone levels 
but does maintain a similar level of correlation across years.  In Figure 20, each of the variables 
maintains a similar relative correlation from year to year, including 2020, showing that meteorological 
conditions were consistent even in 2020. 
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Figure 20: Correlation between ozone season temperature (upper left), GHI (right), humidity (lower left), and 
pressure (lower right) from 2013 to 2020 as matched based on 8-hour daily maximum rank and time of day 
 
Concerning control measures, no major programs went into effect in 2020 that would have caused 
such a sharp drop in NOX emissions.  Table 3 examines programs that were recently implemented that 
lead to major reductions in NOX emissions.  The most recent year of such reductions was in 2017.  
While there is fleet turnover occurring as well, with light-duty vehicles in particular, that turnover also 
slowed greatly in 2020 as shown in Figure 21. 
   


-1


-0.8


-0.6


-0.4


-0.2


0


0.2


0.4


0.6


0.8


1
2013


2014


2015


2016


2017


2018


2019


2020


0.42


0.54


0.45


0.37


0.5


0.46


0.32


0.51


0.43


0.48


0.41


0.58


0.46


0.45


0.34


0.48


0.52


0.32


0.41


0.44


0.51


0.45


0.39


0.51


0.36


0.54


0.39 0.47


-1


-0.8


-0.6


-0.4


-0.2


0


0.2


0.4


0.6


0.8


1
2013


2014


2015


2016


2017


2018


2019


2020


0.86


0.88


0.86


0.86


0.73


0.73


0.74


0.88


0.88


0.88


0.74


0.77


0.75


0.9


0.89


0.77


0.78


0.75


0.87


0.73


0.75


0.75


0.76


0.73


0.75


0.71


0.72 0.75


-1


-0.8


-0.6


-0.4


-0.2


0


0.2


0.4


0.6


0.8


1
2013


2014


2015


2016


2017


2018


2019


2020


0.48


0.5


0.5


0.44


0.47


0.51


0.39


0.44


0.48


0.53


0.47


0.42


0.39


0.48


0.42


0.52


0.54


0.45


0.4


0.42


0.51


0.37


0.49


0.46


0.32


0.47


0.47 0.5


-1


-0.8


-0.6


-0.4


-0.2


0


0.2


0.4


0.6


0.8


1
2013


2014


2015


2016


2017


2018


2019


2020


0.19


0.21


0.13


0.13


0.1


0.22


0.1


0.21


0.16


0.19


0.14


0.13


0.12


0.11


0.16


0.2


0.04


0.15


0.22


0.13


0.09


0.08


0.23


0.2


0.07


0.14


0.12 0.22







20 
 


Table 3: Major federal NOX reduction control programs implemented in recent years 
Sector Rule 


 
Date of Major NOX Reductions Reference 


EGUs Cross-State Air Pollution Rule Update for the 
2008 Ozone NAAQS 


2017* 81 FR 74504 


Light-duty Vehicles Tier 3 Vehicle Emissions and Fuel Standards 2017 79 FR 23414 
Heavy-duty Vehicles Heavy-Duty Engine and Vehicle Standards and 


Highway Diesel Fuel Sulfur Control Requirements 
2007 66 FR 5002 


Marine Engines Control of Emissions From New Marine 
Compression-Ignition Engines… 


2016 75 FR 22896 


* Smaller additional reductions from Arkansas in 2018 
 
 
 


l  
Figure 21: United States light-duty vehicle sales from April 2016 to April 2021 


2.1.3  Comparison to Past Years 
 
Concerning monitored values, the process for 2015 began with the 2015 design value, which was used 
as the basis for the District’s Ozone Designation Recommendation.8  Given that the design value is 
made up of data from the year in question and the preceding two years, we will examine the trends 
from 2013 to 2020.   
 
As shown in Figure and Table 4, the 4th highest value for 2020 is quite low, a full 9 ppb lower than the 
average 4th highest values for the period from 2015 to 2019.  Also, while the 2020 4th highest value is 
only 3 ppb lower than 2013, 2020 had over two and a half as many 90 degree days as 2013.  Given that 
higher temperatures and high ozone levels are correlated, this is further evidence that 2020 ozone 
levels were indeed low.  In fact, the same number of 90 degree days that were experienced in 2020 
also occurred in 2016, and that year saw a 4th highest ozone value that was 9 ppb higher than  
experienced in 2020.  The same pattern holds up, though to a lesser extent, for mean ozone season 
daily maximum 8-hour ozone.   
 


                                                      
8 Muriel Bowser, “Nonattainment Designation Recommendation for the District under the 2015 Ozone Standards,” 
September 23, 2016. 
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Figure 22: 2013-2020 ozone season summary. 
 
Table 4: 2013-2020 ozone season summary 


 Mean Daily OS Max 8-Hr 
Ozone (ppb) 


4th High Daily Max 8-Hr Ozone 
(ppb) 


Design Value 
(ppb) 


90 Degree Days 
(count) 


2013 42 66 79 10 
2014 43 68 73 11 
2015 44 72 68 13 
2016 44 72 70 26 
2017 45 71 71 16 
2018 45 73 72 17 
2019 48 71 71 34 
2020 41 63 69 26 


 


2.2 Not Reasonably Controllable nor Preventable 
 
40 CFR § 50.14(c)(3)(iv)(D)  also requires: 
 


(D) A demonstration that the event was both not reasonably controllable and not reasonably 
preventable 


 
Whether this event was controllable or preventable is a significant question.  However, given that the 
District is just one of many jurisdictions in our interconnected nation, it is reasonable to limit this 
question to whether or not the District itself could have controlled or prevented this exceptional event 
and its related air quality issues.     
 
While the Exceptional Events Rule is limited to exceedances, 40 CFR § 51.14 (b)(8) provides a 
framework that can be applied to this situation for how to determine whether the Covid-19 health 
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emergency was indeed an exceptional event. We will follow the framework to the extent possible due  
while recognizing the framework is unnecessarily limited to exceedances.   
 
40 CFR § 51.14 (b)(8) provides: 


(8) Determinations with respect to the not reasonably controllable or preventable criterion. 
 


(i) The not reasonably controllable or preventable criterion has two prongs that the State 
must demonstrate: prevention and control. 
 
(ii) The Administrator shall determine that an event is not reasonably preventable if the 
State shows that reasonable measures to prevent the event were applied at the time of 
the event. 
 
(iii) The Administrator shall determine that an event is not reasonably controllable if the 
State shows that reasonable measures to control the impact of the event on air quality 
were applied at the time of the event. 
 
(iv) The Administrator shall assess the reasonableness of available controls for 
anthropogenic sources based on information available as of the date of the event. 
 
(v) Except where a State, tribal or federal air agency is obligated to revise its state 
implementation plan, tribal implementation plan, or federal implementation plan, the 
Administrator shall consider enforceable control measures implemented in accordance 
with a state implementation plan, tribal implementation plan, or federal implementation 
plan, approved by the EPA within 5 years of the date of the event, that address the 
event-related pollutant and all sources necessary to fulfill the requirements of the Clean 
Air Act for the state implementation plan, tribal implementation plan, or federal 
implementation plan to be reasonable controls with respect to all anthropogenic sources 
that have or may have contributed to the monitored exceedance or violation. 
 
(vi) Where a State, tribal or federal air agency is obligated to revise its state 
implementation plan, tribal implementation plan, or federal implementation plan, the 
deference to enforceable control measures identified in paragraph (b)(8)(v) of this 
section shall remain only until the due date of the required state implementation plan, 
tribal implementation plan, or federal implementation plan revisions. However, where 
an air agency is obligated to revise the enforceable control measures identified in 
paragraph (b)(8)(v) of this section in its implementation plan as a result of an action 
pursuant to Clean Air Act section 110(k)(5), the deference, if any, to those enforceable 
control measures shall be determined on a case-by-case basis. 
 
(vii) The Administrator shall not require a State to provide case-specific justification to 
support the not reasonably controllable or preventable criterion for emissions-
generating activity that occurs outside of the State's jurisdictional boundaries within 
which the concentration at issue was monitored. In the case of a tribe treated as a state 
under 40 CFR 49.2 with respect to exceptional events requirements, the tribe's 
jurisdictional boundaries for purposes of requiring or directly implementing emission 
controls apply. In the case of a federal land manager or other federal agency submitting 
a demonstration under the requirements of this section, the jurisdictional boundaries 
that apply are those of the State or the tribe depending on which has jurisdiction over 
the area where the event has occurred. 
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(viii) In addition to the provisions that apply to specific event types identified in 
paragraphs (b)(3)(ii) and (b)(5)(i) through (iii) of this section in addressing the 
requirements set forth in paragraph (c)(3)(iv)(D) of this section regarding the not 
reasonably controllable or preventable criterion, the State must include the following 
components: 
 


(A) Identification of the natural and anthropogenic sources of emissions causing 
and contributing to the monitored exceedance or violation, including the 
contribution from local sources. 
 
(B) Identification of the relevant state implementation plan, tribal 
implementation plan, or federal implementation plan or other enforceable 
control measures in place for the sources identified in paragraph (b)(8)(vii)(A) of 
this section and the implementation status of these controls. 
 
(C) Evidence of effective implementation and enforcement of the measures 
identified in paragraph (b)(8)(vii)(B) of this section. 
 
(D) The provisions in this paragraph shall not apply if the provisions in 
paragraph (b)(4), (b)(5)(vi), or (b)(6) of this section apply. 
 


2.2.1  Reasonable Measures to Prevent the Event 
 
Given the nature of the event, taking steps to prevent the event from the perspective of air quality 
would have been inappropriate.  Any steps to prevent the unusually low pollution levels during the 
Covid-19 health emergency would have entailed purposefully raising emissions, which would not be an 
acceptable behavior.  


2.2.2  Reasonable Measures to Control Air Quality 
 


Given that in the short term this exceptional event led to temporarily healthier air, no measures were 
put in place to control the impact of the event on air quality. Doing so would run counter to the goals 
and aims of EPA and DOEE to protect the public health.   


2.2.3  Reasonable Availability of Controls 
 
Since this event was exceptional due to reductions in emissions levels, an assessment as to whether 
the emissions programs put into place in the District were sufficient is not directly relevant.   


2.2.4  Implementation Plan Revisions 
 
This is section argues the exceptional event needs to be approved in order to achieve and maintain 
healthy ozone levels in the District.  If the low ozone levels from 2020 are not considered an 
exceptional event due to the Covid-19 event, the Washington, DC-MD-VA nonattainment area 
becomes a maintenance area, and the emissions reductions that occurred in 2020 cannot be 
incorporated into a SIP.  This is because the emissions reductions from 2020 are not quantifiable, 
enforceable, or permanent and  higher ozone levels will result when the Covid-19 emergency ends and 
travel patterns in particular return to normal.   
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Furthermore, the District would not be required to develop an air quality attainment plan as air levels 
return to their normal NAAQS levels, which will remain in violations of the CAA..  As a result, a plan 
would not require and no federal action would be taken to reduce transported emissions, which will, in 
turn, lead to long-term health consequences for District residents. 


2.2.5  Interstate Impacts 
 
Given that over 90 percent of ozone pollution as modeled emanates from outside of the District’s 
borders, that just under 30 percent of controllable ozone pollution comes from mobile sources that the 
District is preempted from setting emissions limits for, and that the District had  little ability to control 
either what the Federal government, nor the fifty state governments, did in response to the Covid-19 
health emergency, it reasonably follows that the air quality exceptional event related to the Covid-19 
health emergency and subsequent unique traffic disruption was neither controllable nor preventable.9   


2.2.6  Additional Provisions 
 
The next three subsections will address 40 CFR § 50.14(b)(8)(viii)(A) – (C). 
 


2.2.6.1  Identification of Natural and Anthropogenic Sources 
The event was largely related to the drastic reduction in traffic in the Washington, DC metropolitan 
area due to Covid-19 shutdowns.  As shown in Figure 15, there was a consistent drop in year over year 
VMT from April 2020 on.  Though the most pronounced months (April and May) were towards the 
beginning of the ozone season, levels of monthly reduction in VMT remained steady from June onward 
with the smallest drop in the month of July still being 15.9 percent.  MOVES modeling results in Figure 
19 show how this reduction likely leads to the reductions in NO2 and NOX shown in Figure 4 and Figure 
5. 
 


2.2.6.2  Identification of Enforceable Controls in Relevant State Implementation Plans 
Given that this event was the result of exceptionally low air pollution levels no controls are relevant to 
being able to prevent the event.  This also makes 40 CFR § 50.14(b)(8)(viii)(C) irrelevant. 
 


2.3  Human-caused Event Unlikely to Recur or a Natural Event 
 
40 CFR § 50.14(c)(3)(iv)(E) requires the following in order to address the public process : 
 


(E) A demonstration that the event was a human activity that is unlikely to recur at a particular 
location or was a natural event. 


 


                                                      
9 Ozone Transport Commission, “Technical Support Document for the 2011 Ozone Transport Commission/Mid-Atlantic 
Northeastern Visibility Union Modeling Platform - 2nd Revision.” 
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The fact that the virus originated due to a zoonotic transfer from a yet to be determined species to 
humans points to the Covid-19 health emergency being a natural event.    
 
However, aspects of the Covid-19 health emergency such as the spread of the virus through travel and 
congregating in places of work and leisure, as well as the responses to protect public health such as 
implementation of telework for public and private business and the placing of restrictions on business 
activity to limit the spread, also point towards a human cause for the exceptional event.  This brings us 
then to the question as to whether an event of this nature would be likely to occur again.  Though it is 
not uncommon for instances of zoonotic transfer of respiratory virus to occur, such as Middle Eastern 
Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), it has indeed been rare 
for such a virus to lead to such drastic impacts on regular human interactions.  Only the 1918 influenza 
pandemic, and to a lesser extent, the 1957 influenza pandemic, resulted in a wholescale impact on 
society to such a scale that it could have an impact on air quality levels.  Additionally, a repeat of the 
Covid-19 health emergency is most certainly less likely to recur than, for instance, fireworks displays, 
which are human-caused and occur annually at the same location, and are considered to be 
exceptional events in the Exceptional Events Rule.   
 
The subsequent unique traffic disruption is also unlikely to recur.  Studies have shown that the District 
was uniquely impacted by the decrease in traffic and related mobile source emissions.  The 
transportation data firm INRIX found that between 2019 and 2020, there was a 77 percent decrease in 
congestion due to Covid-19, the most of any city analyzed.10  By contrast areas such as New York City 
saw only a 28 percent decrease and Philadelphia a 34 percent decrease  Other nonattainment areas 
that saw substantial drops in congestion such as Atlanta (75 percent) and Baltimore (68 percent) also 
saw significant drops in ozone.  It is not expected that, once the emergency health measures are lifted 
in the District, the same level of decreased traffic congestion and related emissions would not occur as 
were experienced during 2020.   
 
Though the Covid-19 health emergency has traits of both a human-caused event that is unlikely to 
recur and a natural event, the District concludes that the Covid-19 health emergency is not a human-
caused event that is expected to regularly occur and, thus, meets the criteria of 40 CFR § 
50.14(c)(3)(iv)(E).   
 


2.4  Requirements in the Federal Regulations 
 
Unfortunately, for purposes of addressing the current situation, the Exceptional Event Rule as 
promulgated solely to address exceedances.  While it certainly is reasonable for exceedances to be 
considered in regards to exceptional events, and it is to be expected that such events would make up 
the majority of cases, there are also major health implications to the population of the District in the 
long run from using the exceptionally low ozone levels in 2020 to compare to the NAAQS.  The 
Exceptional Event Rule begins by limiting the scope of the rule as follows from 40 CFR 50.14: 


                                                      
10 Pishue, Bob.  “INRIX 2020 Global Traffic Scorecard.”  
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(i) This section applies to the treatment of data showing exceedances or violations of any national ambient air 
quality standard for purposes of the following types of regulatory determinations by the Administrator: 


 
However, the Clean Air Act that the regulation is based on in no way limits consideration to 
exceedances or violations.  To start, as we saw in the previous three sections that looked at the text 
from the Clean Air Act, none of the parts of the definition of an exceptional event are limited to just 
exceedances.  CAA § 319(b)(1)(A) instead  addresses any events that affect air quality, was neither 
controllable nor preventable, was either natural or anthropogenic, and was not recurring.  Additionally, 
the specific list of exclusions in CAA § 319(b)(1)(B) does not mention an exclusion for neither 
pandemics nor events that do not result in exceedances.  CAA § 319(b)(3)(A) also outlines principles 
related to exceptional events that are in no way limited to exceedances.   
 
Exceedances are only specifically addressed in  section CAA § 319(b)(3)(B), in particular CAA § 
319(b)(3)(B)(ii), which requires a demonstration of a linkage between exceedances and the exceptional 
event, and § 319(b)(3)(B)(iv), which requires there be a process for excluding exceedances from 
calculation of the NAAQS.  Of course, EPA more than adequately developed these processes in the 
Exceptional Event Rule.  However, there is nothing in these two mandates from the Clean Air Act that 
limits EPA from excluding other exceptional events that don’t result in exceedances.   
 
It is understandable that exceptionally low monitored levels would not have been a Congressional 
priority to address as exceptional events when the provisions were enacted at a time that wildfires, 
volcanic eruptions, and Saharan dust events were happening with regularity.  But the clear language 
regarding the scope of events to be addressed under CAA § 319(b) is not limited to exceedances either.  
As addressed earlier in the discussion of the legislative history in Section 1.2, not once in the bill 
summary, nor in the discussion, is the word exceedance mentioned.   
 
If limiting the scope of CAA § 319(b) solely to exceedances was the goal, Congress would have 
addressed such limitation in the primary statutory definition of an exceptional event, and they would 
have included in the principles outlined for EPA to use when developing regulations.    
 
The District suggests that in the short-term, EPA should evaluate the District’s contention that 
reduction in ozone levels  that resulted from the COVID-19 public health emergency was an 
exceptional event against the statutory text solely, and, in the long-term, that the Agency should 
create a mechanism in the Exceptional Event Rule to exclude consideration of data from unique events 
that result in exceptionally low emissions levels either on a case-by-case basis or within a specific 
regulatory framework. 
 


2.5  Exclusions 
 
As the District has demonstrated in the previous sections, the Covid-19 health emergency led to 
emissions reductions largely from the onroad mobile source sector, which means that this exceptional 
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event is not specifically excluded under the statutory definition of exception event at CAA § 
319(b)(1)(B). 
 


3.0  Principles of Exceptional Events 


The request for treatment of COVID-19 related reductions  in ozone as an exceptional event is in 
accordance with the principles of exceptional events outlined in the Clean Air Act, § 319(b)(3)(A).  


3.1  Protection of the Public Health is the Highest Priority 
 
It is precisely because of this principle that the District is submitting this exceptional event for 
exclusion, since evaluating compliance using 2020 values will not lead to the necessary air quality 
improvements to protect the health of District residents.  Including 2020 data in the design value 
calculation to evaluate the NAAQS will result in a metric that shows attainment even though the 
emissions reductions that led to this state are not quantifiable, enforceable, or permanent.  As a result, 
once the anomalous 2020 data has worked its way out of the design value calculation in 2023, it is 
quite likely that the District will once again return to monitored ozone values that are above the public 
health standard.  The appropriate course of action to  protect the public health would be to consider 
the 2020 monitored data as exceptional and evaluate the NAAQS against 2017, 2018, and 2019 data.  
This would in turn lead to the need for measures being put in place by upwind contributing states and 
the District that would be permanently protective of the public health.  This approach would be the 
proper approach to protect public health, rather than accepting the likelihood that ozone levels  more 
in line with normal levels will occur as a result of increased motor vehicle usage once the COVID-19 
emergency ends, which in turn result in residents in the District breathing unhealthy air for several 
years. 


3.2  Timely Dissemination of Information to Protect the Public Health 
 
The District reports hourly data on ozone and other required precursors to the Air Quality System 
(AQS).  This data is then publicized on EPA’s airnow.gov website.  The District also, through the 
Metropolitan Washington Council of Governments, partners with Clean Air Partners to disseminate air 
quality alerts through the media, email alerts, websites, and more when pollution levels reach 
unhealthy levels.  The District takes the utmost care in making sure that the public is aware of any 
unhealthy air pollution.  Additionally, because pollution levels did not reach unhealthy levels as a result 
of the COVID-19 exceptional event, this principle is not relevant to this analysis, though the District 
does regularly adhere to the principle that unhealthy air needs to be reported. 


3.3  Submission of Air Quality Data to Federal Air Quality Databases 
 
As discussed in Section 3.2, the District reports hourly data on ozone and other required precursors as 
well as other to the Air Quality System (AQS).  This data is then publicized on EPA’s airnow.gov website.  
The District designated air quality monitoring personnel as essential staff, allowing the District’s 
complete monitoring network to remain active for the entirety of the Covid-19 health emergency.   



http://airnow.gov/

http://airnow.gov/
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Additionally, the District flagged all data in AQS with a “RR” flag denoting a “unique traffic disruption” 
exceptional event.  Given that the Covid-19 health emergency led to unprecedented disruption of daily 
traffic patterns as shown in Section 2, this was the most accurate description of the event provided. 


3.4  Necessary Measures to Safeguard Public Health 
 
Concerning air quality, the Covid-19 health emergency in itself did not lead to air quality that was 
detrimental to  public health so no additional efforts were made to reduce pollution levels.  However, 
since the use of air quality data from 2020 when comparing against the NAAQS will lead in the long 
term to quantifiable, enforceable, and permanent controls not being put in place to protect the 
public’s health, treatment of the anomalous ozone levels as an exceptional event is a necessary step to 
safeguard the public health.   


3.5  Air Quality Data Screening 
 
Given the nature of this exceptional event, this principle is not directly applicable.  Although the ozone 
levels during the Covid-19 health emergency are lower than typical, especially during the summer 
months, they are in ranges experienced normally in the District during other seasons and with those in 
less urban areas during average ozone seasons.  As a result, no particular scrutiny of the District’s data 
screening techniques was necessary in response to this exceptional event. 
 


4.0  Requirements of Exceptional Events 


This section will document how this exceptional event meets the Clean Air Act requirements for 
exceptional events.  Clean Air Act § 319 (b)(3)(B)(iv) is a directive to EPA and is not discussed. 


4.1  Prompt Demonstration 
 
DOEE certified its air quality ozone and meteorological data  for year 2020 on April 30, 2021.  It then 
proceeded to complete the analysis of 2020 data with respect to this demonstration as expeditiously 
as practicable.  The data relied on in this analysis, for all criteria pollutants and many meteorological 
factors, have all been certified as accurate by DOEE and the certification letter is included as 
Attachment B. 
 
DOEE also is required under the exceptional events rule to undertake a communicative process with 
EPA called “Initial Notification of Potential Exceptional Event” (40 CFR § 50.14).  DOEE is obligated to 
initiate this and it can take variety of forms as discussed in the Exceptional Events Rule (81 FR 68216. 
October 2016). 
 


As previously indicated, the Initial Notification could include any form of communication (e.g., letter, email, in-
person meeting with an attendees list and discussion summary or phone conversation with follow-up email) that 
ultimately identifies the potential need to develop an exceptional events demonstration and communicates key 
information related to the data identified for potential exclusion. 
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DOEE held phone calls with EPA Region 3 staff on May 4, June 1, and July 13during which the 
treatment of the COVID-19 reductions in ozone as an Exceptional Event was discussed.   


4.2  Clear Causal Relationship between Event and Monitored Air Quality 
 
This linkage was discussed thoroughly in Section 2.1.  In Section 2.1, the District found there to be a 
clear linkage between the Covid-19 health emergency and subsequent unique traffic disruption and 
the lower levels of monitored ozone pollution. 


4.3  Public Process 
 
40 CFR § 50.14(c)(3)(v) addresses the public process with the following requirements: 
 


(v) With the submission of the demonstration containing the elements in paragraph (c)(3)(iv) of 
this section, the State must: 


(A) Document that the State followed the public comment process and that the comment 
period was open for a minimum of 30 days, which could be concurrent with the 
beginning of the Administrator's initial review period of the associated demonstration 
provided the State can meet all requirements in this paragraph; 
(B) Submit the public comments it received along with its demonstration to the 
Administrator; and 
(C) Address in the submission to the Administrator those comments disputing or 
contradicting factual evidence provided in the demonstration. 


 
The District held a thirty day public comment period related to this issue and held hearing at 5:30 p.m. 
on Monday, September 20, 2021.   A Notice of Public Hearing with Public Comment Period was posted 
in the D.C. Register on August 21, 2021 (68 DCR 008218).  No written or oral comments were received.  
The Public Notice is Attachment B and the Hearing Officer’s Certification is Attachment C. 
 


5.0  Summary 


In summation, the District has shown that beginning on March 16, 2020, and running through to 
December 31, 2020, the Covid-19 health emergency and subsequent unique traffic disruption has led 
to exceptionally low levels of ozone pollution that should be considered an exceptional event and thus 
should not be evaluated against the NAAQS and, specifically, these levels should not be used in 
calculations of the 2020, 2021, or 2022 design values.   
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Attachment A - 2020 Ozone Exceptional Events Analysis for the 
District of Columbia 
  







31 
 


Attachment B – 2020 Data Certification Letter 
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Attachment C – Notice of Public Comment Period and Hearing 
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Attachment D – Hearing Officer’s Certification 
 





		1.0 Background

		1.1 Washington, DC-MD-VA Ozone Nonattainment Area

		1.2 Clean Air Act Requirements

		1.3 Document Overview



		2.0 Definition of an Exceptional Event

		2.1 Affects Air Quality

		2.1.1  Conceptual Model

		2.1.2  Causal Relationship

		2.1.2.1  Link between Covid-19 and Traffic Congestion

		2.1.2.2  Link between Decreased Traffic Congestion and NOX Reductions

		2.1.2.3  Link between NOX Reductions and Ozone Reductions

		2.1.2.4  Refutations of Other Explanations for Ozone Reductions



		2.1.3  Comparison to Past Years



		2.2 Not Reasonably Controllable nor Preventable

		2.2.1  Reasonable Measures to Prevent the Event

		2.2.2  Reasonable Measures to Control Air Quality

		2.2.3  Reasonable Availability of Controls

		2.2.4  Implementation Plan Revisions

		2.2.5  Interstate Impacts

		2.2.6  Additional Provisions

		2.2.6.1  Identification of Natural and Anthropogenic Sources

		2.2.6.2  Identification of Enforceable Controls in Relevant State Implementation Plans



		2.3  Human-caused Event Unlikely to Recur or a Natural Event

		2.4  Requirements in the Federal Regulations

		2.5  Exclusions



		3.0  Principles of Exceptional Events

		3.1  Protection of the Public Health is the Highest Priority

		3.2  Timely Dissemination of Information to Protect the Public Health

		3.3  Submission of Air Quality Data to Federal Air Quality Databases

		3.4  Necessary Measures to Safeguard Public Health

		3.5  Air Quality Data Screening



		4.0  Requirements of Exceptional Events

		4.1  Prompt Demonstration

		4.2  Clear Causal Relationship between Event and Monitored Air Quality

		4.3  Public Process



		5.0  Summary



